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I . INTRODUCTION 
The s t u d i e s on d i f f e r e n t a s p e c t s of i n s e c t physi^o^gy 
a r e g e n e r a l l y based on the t echn iques which have been borrowed 
from mammalian phys io logy . However, the a d a p t a t i o n of such 
techniques on i n s e c t s i s sometimes handicapp&dby compara t ive ly 
small s ize and l e s s a v a i l a b l e t i s s u e s in comparison to t h a t of 
.^ 
mammals. This difficulty is inhibited the progress -of insect 
physiology for a long time. But in the recent years much 
progress has been made in those avenues of insect physiology 
which remained as closed chapters for decades. Again, it is 
due to the evolution of more advanced and sensitive techniques 
in mammalian physiology and biochemistry, although such 
facilities are still not universal. However, a breakthrough 
in the study of unexplored or little known aspects of insect 
physiology is essential even by less sensitive techniques to 
catch up with the developments and progress on the physiology 
of other groups of animals. 
With this view, in the present project of research on 
Dysdercus cingulatus Fabr. (Hemlptera:Pyrrhocoridae) several 
aspects of insect haematology have been studied. The present 
data on the haematology of this species include the observations 
on the haemocytes as well as the haemolymph (insect plasma). 
3 
On the basis of the available informations as reviewed 
in the next section, a study of different haemocytes of 
X K 
^' cingulatns becomes important because, the date on the 
haemocytes of haemipterous insects especially on phytophagous 
sap-sucking heteroptera are negligible. Further, the changes 
in the number of freely circulating haemocytes are different 
with respect to the varying experimental, biological and 
physiological conditions of a species. Therefore, in the 
present vrork on_D. cingulatus, total haemocyte counts (THC) 
have been made in relation to moulting, age and reproduction 
of each sex. These observations have also been made in response 
to scanty record on heteroptera. 
The pathological changes in different haemocytes of 
R* cingulatus hav.e been studied by the topical application of 
two chemically different insecticides. Such a study may serve 
Useful purpose in the evaluation of the effectiveness of 
different insecticides in the control of this bug. Thus the 
information on the histopathological observations of 
D. cingulatus may also elucidate the toxic action of these 
insecticides. 
The study on the haemolymph of D. cingulatus includes 
the distribution of free amino acids (FAA), total proteins and 
cholesterol in 5th instar nymphs and adults of each sex in 
relation to age and reproduction. Although, the free amino 
acids of haemolymph of several species of insects are known, 
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but there is little information on hemiptera. Therefore, the 
present study on D. cingulatus will not only add to our 
existing knowledge on the free amino acids of insect haemo-
lymph, but it will also throw light on their distribution 
with regard to larval and adult stages especially during 
maturation and oviposition which are controlled by metabolic 
factors as well. 
The changes in the concentration of total proteins and 
cholesterol of the haemolymph of D. cingulatus nymphs and 
adults are also little studied in insects in general and ^ 
heteroptera in particular. Therefore, the quantitative study 
of these substances in the haemolymph of D. cingulatus provides 
additional informations on the metabolism in insects. 
Dysdercus cingulatus Fabr. is an important pest on a 
variety of malvaceous plants and crops. Therefore, the present 
investigations on D. cingulatus may provide fundamental 
informations on the physiology of blood of a heteropterous 
pest of agricultural crops. 
II• REVIEW OF LITERATURE 
Types of free haemocytest 
The haemolymph or the blood of insects contains 
loose cells which are called haemocytes. I'fost of these 
cells adhere to the surface of the viceral organs. However, 
some cells freely circulate in the haemolymph. The free 
haemocytes of a species or those of different species vary 
in their shape and size, but, as compared to the blood 
cells of the vertebrates, there is no single system of 
classification of insect haemocytes. Different workers 
have given their o\m. nomenclature and terminology to the 
different haemocytes generally based on the staining 
reactions of these cells to various stains which they used, 
hollande (iy09 and I9ll) studied the haemocytes of a number 
of species of coleoptera and lepidoptera and identified 
those cells as proleucocytes, phagocytes, oenocytoids, 
granular leucocytes and spherule cells. Later, HufnKagel 
(li^ lS) observed proleucocytes and leucocytes in the blood 
of Hyponomeuta, but the latter type was further distinguished 
as leucocytes jeunes, leucocytes ages and leucocytes a 
inclusion grasse. Paillot (i9l9) described, macronucleocytes, 
micronucleocytes, cellules spheruleuses and oenocytoids in 
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the blood of some lepidoptera. But in Galleria larvae, 
Metalnikov (l922) added one »flore type by identifying 
lymphocytes. Cameron (1934) also described same type of 
blood cells in the caterpillars of several species as in 
Galleria. Jones (l967) however, reexamined the haemocytes 
of the larvae of Galleria mcllonella and classified the'n as 
plasmatocytes, adipohaemocytes, spherule cells and 
oenocytoids. Yeager (1945) gave an extensive classification 
of the haemocytes of the larvae of Progenia eridania. He 
included them into ten classes and thirty two t^ rpes. The 
classes were named as prolou.cocytoids, smooth-countour chromo-
philic cells, oenocyto-like cells, plasmatocytes, podocytes, 
vermiform cells, cystocytes, spheroidocytes, eruptive cells 
and degenerating cells. Each class •'.•jas further sub-divided 
on the basis of the shape, size of the colls and staining 
reaction. Arnold (l952a) rationalized the classification of 
Yeager and maintained only prohaemocytes, plasmatocytes, 
spheroidocytes and oenocytoids in Anagasta (Ephestia) 
kuhniella by covering the multi-size and shape of the cells. 
Further, Jones (1959) also proposed changes in Yeager's classi-
fication (1945) and simplified it by grouping tho blood cells 
of Prodenia larvae into prohaemocytes, plasmatocytes, (of 
different shapes and sizes) podocytes,vermiform cells, 
oenocytoids, spheroidocytes, grantilar haemocytes and spherule 
cells. But in the larvae of Bomb^ oc mori, besides the types 
of haemocytes observed in A. kuhniella, mocronucleocytes and 
micronucleocytes were described as additional types of 
proleucocytes (Raichaudh-ury and Sen Gupta, 1959). However, 
Nittono CiysO) again in B. mori added the spherule cells, 
granular cells and imaginal spherule cells to the coramonly 
found proleucocytes, oenocytoids and plasmatocytes. 
Rebaglio (1967) studied the haemocytes of six Japanese and 
Italian races of B. mori and described five types of 
haemocytes as micronucleocytes, proleucocytes, granular 
leucocytes, spherule cells and oenocytoids resembling those 
of Kittono (1960). In the caterpillars of sillcmoths, 
Antheraea polypheaus., Samia (Philosania) cynthia and 
Hylophora cercopia, there vjas a predominance of plasmatocytes 
and granulocytes, but in diapausing pupae and developing 
adults equal number of both types were found (V/alter, 1970). 
Harpaz et al., (l969) distinguished four types of haemocytes 
as plasmatocytes, granular haemocytes, adipohaemocytes and 
Oenocytoids in the larvae of Spodoptera littoralis* 
Fyg (1942) could observe only one type of haemocytes 
in the honeybee. But in the same species Morgenthaler (i953) 
Described -proleucocytes, leucocytes and pycnonucleocytes. 
The haemocytes of the eggs, larvae, pupae and adults of 
Apis mellifera were identified on the basis of staining 
reaction with ^ right's blood stain and named as proleucocytes 
(only in the eggs and larvae), neutrophils, eosinophils, 
basophils, normal leukocytes, pycnonucleocytes and hyalinocytes 
(Gilliam and Saimanuki, 1971). 
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Ogel (iy55) always found four types of blood cells as 
mother cells, proleucocytes, phagocytes and granular leucocytes 
in some orthopterous species. Hrdy (iy59) defined five types 
of haemocytes on the basis of shape and staining reaction of 
May-Grun-wald-CJiemsa under phase contrast microscopy and the 
cells were named as nucleocytes, plasmatocytes, rhegmatocytes 
(coagulocytes) granulocytes and spheroidocytes in Acheta 
domesticus. However, in Periplaneta with phase contrast 
microscopy, only plasmatocytes and cystocytes (coagulocytes) 
were reported by Jones (l957). On the other hand, the haemo-
lymph of giant cockroach, Blaberus giganteus showed prohaemo-
cytes, plasmatocytes, granular haemocytes and spherule cells 
(Arnold and Salkeld, 1967). Further, Arnold (l970} confirmed 
these types in the beetle cockroach, Diploptera punctata. The 
haemocytes of Locusta mlgratoria migratorioides were identified 
as plasmatocytes, coagulocytes,and granulocytes (Hoffmann, 1970). 
MDran (i97l) sttidied the fine structure of the haemocytes of 
Blaberus discoidalis by electron microscopy but, he did not 
classify the three types which he distinguished. Arnold (1972) 
studied the types of haemocytes in sixteen species of cockroaches 
and expressed that the difference in the haemocytes of various 
species had significance in their taxonomy. 
•'•^  Sarcophaga faculata , proleucocytes, phagocytes, 
granular leucocytes and oenocytoids were found (Dennell, 1947). 
But Jones (l966) maintained three types as plasmatocytes, 
9 
grannlar haeraocytes and spherule cells in Sarcophaga bullata. 
However, Whitten (1964) observed six types of haeraocytes in 
S» bullata, Drosophiia melanomaster and in other cyclorrhaphous 
diptera. But these cells were collectively recorded from the 
developing stages and the adults. The three types, other than 
those described by Jones (l956) were adipocytes, oenocytoids 
and multinucleate cells. Rizki (i963) observed plasmatocytes 
podocytes, spheroidocytes, oenocytoids, nematocytes and 
crystolloid cells in the larvae of Drosophila willistoni but 
the last type of these cells was confined to the first and 
second instars only.\/shatoury (i955) regarded that there were 
no blood cells present in the larval life of Drosophila 
melanogaster but the cells present in the haemolymph were 
liberated by the lymph glands, which he termed as hexagons, 
spheroids and platelets. But he preferred to call them as 
oikocytes which generally settled below the imaginal disc. 
On the other hand, Rizki (±957) observed crystalloid cells in 
the haemolymph of D. melanogaster throughout the larval life 
besides the presence of plasmatocytes, podocytes and lamelio-
cytes. In D. euronotus larvae, haeraocytes were classified as 
prohaemocytes plasmatocytes, podocytes, lamellocytes and 
oenocytoids (Nappi, 1970). Akesson (l954) in Calliphora 
erythrocephala described seven types of haeraocytes but three 
types were common to the classification of Jones (±956) in 
Sarcophaga, whereas, other four types represented the proleuco-
cytes v/ith different terminology. 
1 ) 
Arvy and Lhoste (±944) and Lhoste (L'^57) primarily 
distinguished leucoblasts (mother cells) and leucocytes in 
the haemolymph of Forficula. auricularia L. adults. The 
latter type of cells were further classified as leucocytes 
small, leucocytes dusty and leucocytes crystalloids on the 
basis of their size and cytoplasmic inclusions. Later, 
megacytes were found in the larvae of F. auricularia (Arvy 
and Lhoste, 1946). 
•^'^ Leptinotarsa decemlineata (Say.) Arvy et al. (1948) 
also described the same types of haemocytes as in Forficula 
auricularia adult (iy44). However, Jones (±950) gave an 
extensive classification of the haemocytes in the larvae of 
Tenebrio molitor and described prohaemocytoids, smooth - contour 
chromophilic cells, granular plasmatocytes, agranular plasmato-
cytes, cystocytes, spheroidocytes, oenocyte-like cells and 
vermiform cells. This classification for the haemocytes of 
"L' ffloiitor could be categorized with Yeager's classification 
(l945) for Prodenia, though the picture in T. molitor was not 
so complex as in Prodenia eridania. On the other hand, in 
Melolontha melolantha. prohaemocytes, plasmatocytes, granulo-
cytes, adipohaemocytes, spherule cells and oenocytoids v;ere 
observed with their intermediate forms (Devauchelle, 1971). 
Arnold (±966) further confirmed the presence of 
prohaemocytes, plasmatocytes and granular haemocytes in the 
adult stonefly, Acroneuria arenosa besides a new type of 
hyaline haemocytes. 
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Poisson and Pesson dysS) identified wax-cells, 
carmine cells, eosinophil cells and cells with phenolic 
inclusions in the haemolymph of Pulvinaria mesenbryanthemi« 
Wigglesworth (i956) observed proleucocytes, phagocytic 
amoebocytes (variable form) including plasmatocytes, podocytes, 
spheroidocytes (of the other species) oenocytoids, adipocytes '*'^  
and large granular and non-granular cells in the haemolymph 
of Rhodnius prolixus (Stal.). Later, Jones (±965) reexamined 
the haemocytes of R. prolixus and rationalized their termino-
logy by labelling them as prohaemocytes, plasmatocytes, 
granular haemocytes, oenocytoids, adiophaemocytes and granulo-
cytophagus cells. Le Blanc dyVl) (personal communication) 
identified only four types of haemocytes in fourth and fifth 
Instar nymphs as well as in the adults of R. prolixus and 
categorized them as prohaemocytes plasmatocytes, granular 
haemocytes and oenocytoids with phase contrast microscopy. 
Vostal (±969 and 1970) gave a classification of insect 
haemocytes by following the system of Jones (±962) and based 
his observations on 80 species belonging to the orders 
thysanura, odonata, dermoptera, orthptera, hemiptera, 
hymenoptera, coleoptera, diptera, lepidoptera, neuroptera 
and mecoptera with special emphasis on coleoptera. In general, 
all the species had prohaemocytes, plasmatocytes and granulo-
locytes. Some species also had spherule cells whereas 
oenocytoids were restricted to the haemolymph of the majority 
1 •? 
of coleoptera, Panorpa germanica, Agrot is , Vanessa, Zyg:aena 
and Drosophlla mellanogaster. 
The foregoing reviev; indica tes tha t there i s a 
massive but variable data on the descr ip t ion of the free 
haemocytes of insects especia l ly in lepidoptera . However, 
the information on heraiptera i s meagre. 
Free haemocyte counts in i n s e c t s : 
^i) Total haemocyte counts (TEC):' 
The t o t a l number of haemocytes (THC) c i rcu la t ing in 
the haemolymph was determined in several i n s e c t s . The 
information on the THC was extensively reviewed and discussed 
by liinson (1953), Jones (1962, 1964 and 1970) and Wigglesworth 
(1959 and 1965). I t i s general ly known tha t the THC var ia t ions 
in the same species may occur by using di f ferent techniques 
of f ixa t ion , and also due to paras i t i sm, d isease , i n j u r i e s , 
bac t e r i a l and fungal in fec t ions , change of d i e t , s t a rva t ion 
and moulting e t c . 
Further , in Galler ia mellonel la , THC var ia t ions were 
recorded in the normal as vrell as in d i f ferent experimental 
conditions (Stephen, 1963; Srivastava and Richard, 1965; 
Jones, 1967; Jones and Liu, 1968 and 1969; Werner and Jones, 
1969). Bahadur and Pathak ( l97l) observed var ia t ions in the 
THC in r e l a t ion to ecdysis , development and sex in the bug, 
Halys dentata . From the ava i lab le data i t was liinovna tha t in 
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the hemiraetabolous insect, such as Rhodnlus prolixus 
(Wigglesworth, 1955; Jones, 1964)^ Locusta mlgratorla 
migratorioides (Webley, 195l) and Periplaneta americana 
(Fatten and Flint, 1959), during the nymphal period, the 
THC decreased at each moulting and then enhanced again. 
However, VJheeler (1963) in Periplaneta americana found an 
abrupt decrease in THC just before the last moult. As 
compared to the hemimetabolous insects studied so far, in 
the holometabolous lepidoptera like Anagasta kuhniella 
(Arnold, 1952a), Bombyx mor_i (Nittono, i960) and Galleria 
mellonella (Jones, 1967). THC increased progressively 
during the larval growth, but decreased in the pupal stage 
and remained low in the adult. 
(ii) Differential haemocyte counts (DHC); 
The proportion of different types of haemocytes in 
the haemolymph changes during the developmental stages and 
life cycle of the insects. Several workers observed the 
variations in the differential haemocyte counts (DHC) in • 
different species of insects and the data was reviev/ed in 
detail by Jones (l962). Further, Jones (1967) made the DHC 
in Rhodnius r^ol^ ioais.. According to him the percentage of 
plasciatocytes increased and that of granular haematocytes 
decreased during the fasting period following each moult. 
However, following a blood meal during the 4th and 5th stage, 
1 4 
tne number of plasmatocytes was reduced and that of 
granular haeraocytes increased. On the other hand, in the 
adult following feeding, the percentage of plasmatocytes 
increased and that of granular haemocytes decreased. The 
prohaemocytes under mitotic phase were abundant during the 
first half of the period following feeding in both 4th and 
5th stage of R. prolixus. In Drosophila euronotus, plasmato-
cytes were abundant during the development, whereas the 
percentage of both podocytes and lamellocytes (both varient 
forms of plasmotocytes) increased during the larval develop-
ment (Nappi, 1970). 
Histopathological effect of chemicals on the haemocytes of 
insects! 
In insects, the application and ingestion of chemicals 
and insecticides cause pathological injuries to different 
tissues. Such histopathological observations v/ere reviewed 
in detail by Hoskins (l940), Winteringham and Lewis (i959) 
and Brown (i963). However, information on the pathology of 
haemocytes affected by insecticides is little as compared 
to that of other tissues. Tareevaand Ncnjikov (±931) observed 
large abnormal haemocytes after the oral dose of arsenic to 
the grasshopper, Calliptamus italicus (L.). The haemocytes 
of Periplaneta orientalis indicated coagulation and other 
pathological changes including crystal formation by the contact 
15 
effect of a number of solvents and chemicals (Shull et al., 
1932). In Locusta mlgratoria, pathological effects of vary-
ing intensity to different haemocytes vrere observed by the 
ingestion of sodium arsenite and sodium-silico-fluoride in 
sublethal doses (Pilat, 1935). Yeager and I'funson (1942) 
fed nicotine bentonite, nicotine peat, rotenone, pyrethrum, . 
phenothiazine, calcium arsenate, calcium arsenite, arsenic 
trioxide, paris green, lead arsenate, sodium fluoride, sodium 
fluoaluminate, barium fluosilicate and mercuric chloride to 
the 6th instar larvae of Prodenia eridania. The pyrethrum 
fed larvae of Prodenia eridania showed slight pathological 
change to the blood cells. However, the haemocytes of the 
larvae which ingested Ca-arsenite and Ca-arsenate, arsenic 
trioxide, sodium-fluoride and mercuric chloride had marked 
damage. In Leptinotarsa decemlineata oral dose of DDT 
damaged blood cells with nuclear changes and cytolysis whereas 
the oral dose of BMC caused abnormal vacuolization and 
cytolysis of the haemocytes (Arvy et al., 1950). Arnold 
(1952b) fumigated the larvae of Anagasta kuhni-.ella with 
dichloroether, carbon tetrachloride and bromoethane fumes and 
observed degeneration as well as decrease in the number of 
haemocytes. Hopp (l953) observed that carbon tetrachloride 
and ethylene trichloride when applied to the body louse, 
Pedicuius humanus humanus Lin. caused nuclear enlargement 
and chromatin swelling in the haemocytes. But in the advanced 
stages of poisoning, lysis of nuclei and cytoplasm occurred. 
16 
Tiae application of sublethal doses of chloride caused 
cellular degeneration of all types of blood cells in -
Periplaneta americana but in each type of the cells the 
changes were inconsistent (u-upta and Sutherland, 1968). 
Free amino acids in insect haemolymph: 
*^  
The haemolymph of insects is characterized by very 
high concentration of free amino acids as compared to the 
blood of vertebrates especially that of the mammals. These 
amino acids constitute about 35^ to 63% of 'the non-protein 
nitrogen of the insect haemolymph (Florkin, 1944). Generally 
more primitive insects possess fewer amino acids as compared 
to that of highly evolved species (Florkin and Jeuniaux, 
1964; Chapman, 1969), Further, the concentration of free 
amino acids in insect haemolymph varies both qualitatively 
and quantitatively in relation to the diet of a species as 
well as in different stages of development (Chapman, 1969). 
It is interesting that in insects, the essential dietary 
amino acids are the same ten as required by rat and higher 
mammals. These amino acids are arginine, histidine, leucine, 
isoleucine, tyrosine, methionine, phenylalanine, threonine, 
tryptophan and valine (Gilmour, 1961; House, 1962). 
However, unlike mammals, insects synthesize some of 
the amino acids which may be found in their haemolymph. 
According to Florkin and Jeuniaux (i964) aspartic acid. 
17 
phenylalanine, leucine, and isoleuclne always occupy a minor 
place in the amino acid pool of the insect haemolymphj 
VJhereas, glutamic acid and proline are generally found in 
higher concentrations. But the concentrations of other 
amino acids vary according to the species. Hovrever, the 
ammo ac ids pattern of the haemolymph of different insects 
does not provide taxonomic information among insects. 
Most of the information on the free amino acids of 
insect haemolymph is available from the reviev/s of Buck (±953), 
Duchateau andJiorkin (±958), Wyatt (1^61), Chen (l962), 
Florkin and Jeuniaux (l964), Wigglesworth (1965), Chen (i966) 
and Mansingh & Baqaya (1971). Further observation have been 
summerized below. 
In the haemolymph of 2nd and 3rd'instar larvae of 
Phormia, among the essential dietary amino acids, phenylalanine 
and tryptophan were absent whereas, Beta - aminobutyric acid 
wttS-' present as specific amino acid (Levenbook, 1966). In 
Dolichopoda geniculata, all the essential amino acids except 
tryptophan were found present alongwith amides, asparagine and 
glutamine (Onesto, 1967). Rao' • : ^  et al. (l967) found 
lenthionine and cystathionine as specific amino acids in the 
haemolymph of Tenebrio molitor, Sericesthis pruinosa, 
Tineola bisellnella, Bombyx Giori_, Antheraea pernyi, Antheraea 
helena, Antheraea eucalypti, Antheraea mollitor, Lucilla cuprina. 
1 
Photinus^ pyralis. Further, they also recorded the presence 
of glutamic acid, serine, threonine, glycine, alanine, valine, 
leucine, proline, phenylalanine tyrosine, lysine, histidine 
and arginine in Antheraea pernyi. 
In the larvae of Drosophila and Phormia all the ten 
essential amino acids were present in the haemolymph besides 
gamma - aminohutyric acid and taurine T^ jhereas, methionine 
sulphoxide v/as found only in the haemolymph of Phormia 
(Chen et al., 1968). 
In Bombyx mori (Samokhvolova and Zakhvatkina, 1970) 
only seven essential amino acids were detected. 
Further, Rohertsand Smith (1971) found all the 
essential amino acids except tryptophan in the haemolymph of 
Melanoplus sanguinipes. Besides, gamma - aminobutyric acid 
and citrulline were also present. 
The haemolymph of Costelytra zealandica larvae only 
had leucine, isoleucine, methionine, phenylalanine, threonine 
and valine among the essential amino acids (Osborneet al., 
l97l). But in the haemolymph of Scolytus multltriatus except 
methionine, tryptophan and threonine all other essential 
amino acids were found in addition to the non-essential alpha 
and beta - aminobutyric acids and taurine (Ivleiner and Peacock, 
1971). 
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In worker larvae of Apis melllfera var ligtistlca, the 
haemolymph contained all the essential amino acids except 
tryptophan (Lensky, 1971). 
Concentration of total proteins in Insect haemolymph: 
Insect haemolymph Is composed of several organic 
compounds which are comparable to those of the plasma of the 
vertebrate blood especially that of mammals. Among these 
substances, the proteins concentration of the haemolymph of 
some insects is equal to that of the human blood 
(Wigglesworth, 1966). However, it is generally higher as 
compared to that of other body fluids of the vertebrates 
(Buck, 1963). The data on the concentration of the haemolymph 
proteins of insects were reviewed in detail by Buck (1953)j 
Wyatt (1961 )jFlorkin and Jeuniaux (l964)jWiggesworth (l965) 
and Chen (1966). 
Further, in the haemolymph of Phormla regina, the 
concentration of total proteins was maximum during larval life 
(Chen and Levenbook, l966) and decreased at the time of 
transformations from larva to pupa as well as from pupa to 
adult. Similar trend occurred in Fieris brassicae (Geest and 
Bogsteede, 1969). In the European cornborer, Ostrlnla nubilalis 
tne haemolymph proteins significantly increased in the mature 
larvae of 5th instar, but later it decreased during the diapause 
•< 
(Cnippendale and Beck, 1966). Contrary to lipidoptera, in the 
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coleopterous species, Leptlnotarsa decemllneata, L. jtincta, 
the haemolymph proteins were 50^ higher in the adults than -^  
that of the larvae (Parker, 1971). However, Emraerich (l970) 
observed almost constant concentration of haemolymph proteins 
in the males Pyrrhocoris apterus whereas, in the females 
it decreased during oocyte growth. In Oncopeltus fasciatus, 
the haemolymph proteins decreased during starvation and there 
was no change in either sex due to the presence or absence 
of the opposite sex (Feir and ICrzywda, 1969). Prabhu and 
Nayar (1971) observed fluctuations in the total haemolymph 
proteins of Dysdercus cingulatus during the first reproductive 
cycle. Such fluctuations \ieve apparently higher in females 
than'^ those of males. In Locusta migratoria migratorioides, 
"the total haemolymph proteins increased during the nymphal 
growth and it remained maximum at the time of metamorphosis 
( Tobe and Laughton, 1969). In Fieris rapae L. the haemolymph 
proteins reached to a maximum concentration during the 5th 
larval instar and thereafter it decreased gradually until the 
6-day old pupa (Kim et al., 1970). Smllowltz (l97l) found a 
relatively constant trend of the concentration of haemolymph 
proteins during the first four larval stages of Trlchoplusia ni. 
Hovrever, in each stage there was a rise in concentration 
prior to ecdysis and fall after the moult except in the last 
stage when a progressive Increase occurred, reaching a maximum 
at the time of pupation. This trend resembled to that of the 
lepidoptera. 
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Cholesterol concentration in insect haemolymph: 
fferninalian blood has a significant level of cholesterol 
and transports it to different tissues of the body especially 
to the brain and the spinal cord where its concentration is 
higher than that of the other tissues. In addition to the 
dietary cholesterol the higher animals including mammals 
generally synthesize cholesterol in their body. In many 
insects cholesterol is an essential nutritional factor, but 
they do not synthesize it in their body (Gilmour, 1961; 
Gilbert, 1967). The cholesterol requirement of insects as ''\ 
grov/th promoting factor was extensively reviewed by Gilmour 
(1961), Dadd (±963), Fast (1964), Gilbert (±967) and Katz et al. 
(1971). 
Further, Bau-er and Monroe (±969) observed that female 
Masca domestica required more cholesterol in their diet than 
the males. Although cholesterol concentration was determined 
in the whole body of many insects, it was little known in 
their haemolymph. 
Bishop et al. (±925) were the first to demonstrate the 
occurrence of cholesterol in the haemolymph of worker larvae of 
honeybee. Later, Holler (i932) recorded a concentration of 
25 mg/lOO ml of haemolymph cholesterol in Celerio euphorbiae. 
Hov;ever, in the 6th instar larvae of Prodenia eridania. 
cholesterol concentration was only 12.8 mg/lOO ml of haemolymph 
(Babers, 1938). Ilopf (l940) also detected only a small amount of 
cholesterol in the larval haemolymph of Prodenia eridania. 
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III* MATERIALS AHD METHODS 
Breeding and maintenance of the stock of Dysdercus cingulatus Fabr. 
A stock cult-are of D. cingulatus was maintained at 
kJ9° + l°C and at 1% to 80^ relative humidity. The insects 
were kept in 6" x 4" circular breeding jars having a bottom 
layer of 2" thick moist, coarse and loose sand v;hich was 
previously sterilized at high temperature. The top of these 
Jars was covered with muslin cloth by the help of rubber bands. 
These breeding jars were kept in a temperature cabinet (Precision 
Scientific, U.S.A.) controlled at the above mentioned temperature 
and humidity. The insects were fed on fresh, soaked and healthy 
cotton seeds. 
From this stock, newly moulted 5th instar nymphs were 
daily sorted out and maintained age-wise. The newly emerged 
adults from the 5th instar nymphs were also sorted out every 
day and maintained according to age either in isolated pairs or 
collectively as required for different experiments. 
Histological technique for the study of haemocytes: 
For the study of free haemocytes of D. cingulatus 
permanent histological preparations were made. For this 
purpose, haemolymph (blood) was drawn from healthy insects of 
known age and sex by cutting the femur of the hind leg. The 
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f i r s t small drop which oozed out was discarded. The second 
drop of the hlood was obtained on a clean micro-sl ide by 
gentle pressing of the body. Then the smear of the blood 
was made by the help of another clean and smooth edged s l i d e . 
The blood smear was a i r -d r i ed and fixed by a fe\i drops of 
methyl alcohol (BDH) for one minute in case of s taining by 
Giemsa's s t a in . But for s taining the smear with Lieshman's 
s t a i n , the o r ig ina l s t a in (as supplied by B,D^Hj was d i r ec t ly 
poured on the a i r - d r i e d smear because t h i s served the purpose 
of both ' f ixa t ive and a dye. Just before use , Giemsa's s ta in 
solut ion (BDH) was di luted in the r a t io of 1:9 (V/V) with 
phosphate buffer adjusted to pH 6 .8 . The di luted Giemsa's 
s ta in was d i r ec t ly poured on the micro s l ide to cover the 
smear for about 45 minutes. The s l ides were then washed with 
running tap water which was almost neu t r a l . 
For staining with Lieshman's s ta in (BDH), the a i r -d r i ed 
smear were covered with i t for 1 minute and then the applied 
s ta in was di luted with almost equal volume of phosphate buffer 
adjusted to pH 6.8. After 45 minutes, the s l ides were washed 
xirith running tap water. 
The stained smears were dried at the room temperature 
by keeping them in ' ' s lant ing pos i t ion covered with a b e l l - J a r . 
F ina l ly , a l l the preparat ions were mounted in di luted a r t i f i c i a l 
canadabalsam (E. Merk, Germany) and dried a t 30 °C - 35°C. 
2 K 
The staining method for the fat containing haemocytes 
of blood smears was follox^ ed from Gray (i954) without the 
use of the counterstain for the nuclei. The smears fixed 
with methyl alcohol were transferred to 6 0^ and 70^ alcohol 
successively. Then kept in Sudan Black-B (BDH) solution 
(saturated solution in 7<^ alcohol) for 30 minutes. After-
wards the stained smears were rinsed in 5 0^ alcohol, distilled 
water and finally in running tap water. These preparations 
were dried at the room temperature and mounted temporarily 
in glycerine. The fat stained dark blue. 
Method for total haemocyte counts (THC): 
The total counting of free haemocytes (blood cells) of 
D. cingulatus was done by using a haemocytometer (Fein-optik 
Jena, G-ermany) with improved double Neubauer ruling. The 
haemolym-Dh (blood) was drawn directly from unfixed individual 
insect of known age, sex and stage. The pipette used for 
diluting the blood to count VffiCs of mammals was employed. 
However, in the present method, the mammalian procedure for 
the dilution of the blood as well as the concentration of the 
diluting fluid was modified for its adaptation on D. cingulatus. 
For the blood of this species, 1^ glacial acetic acid in 
distilled water with a pinch of gentian violet v;as''raost suitable 
diluting fluid as well as stain for the cells. The pipette 
was first filled v;ith the diluting fluid up to the O.i mark. 
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Then equal volume of blood -was drawn in the pipette. Finally, 
the pipette v/as filled with diluting fluid up to the mark 1.0, 
and the two fluids v;ere then mixed in the bulh of the pipette. 
Following this, after rejecting the first drop that came out 
from the pipette, the entire volume of the mixture of the 
pipette was applied under the coverslip of the counting 
chamber of the haemocytometer. The counting of the haemocytes 
was done in the four corner chambers (iijjLg,!*^  & L^ .) as 
described by Kolmer et al. (iy69) for the counting of WBCs 
of mammals. The total number of haemocytes was calculated 
on the basis of the mammalian formula which In'^ case of 
D. cingulatus was modified with respect to the dilution of 
the blood. The calculation is as follows: 
Total number of cells/mm3 ~ x x lO x 9 
4 
Where x = total number of cells counted in 
4 = The number of chambers used 
lO = Depth of the counting chamber of the haemocytometer 
9 = Dilution of the blood volume 
Statistical calculations: 
In this case, we are dealing with blood cells counts x 
and therefore, we make use of /if transformation (Rao, 1952) 
in order to achieve normality of the data so that student 't' 
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test may be applied. After replacing the counts by their 
square roots, we now have two independent samples (of sq. 
roots of counts) x-[_, X2,....X2_o and Y-j_,.... Y]_o of size 
10 each from normal populations and we wish to test whether 
the means of the tv/o samples (of sq. roots) differ signifi-
cantly or not. For this purpose we apply the standard 
't' test 
s2 = ^ ^  3c2 _ 3_o ^ ) + ( S y2 - 10 y^) 
18 
.-r ^ 2 
It is better to calculate as t^ = 
( ^ - y ) 
T + T' 
90 
where T = S x^ - lOx^ and 
T' =S:Y^ - lOY^ 
If the calculated value of 't' exceeds 2.7, the 
tabulated value of 't' at 18 degrees of freedom and 5% level 
of significance, then we infer that the sample means differ 
significantly. Otherwise, we infer that they are not 
significantly different. 
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Method for d i f f e r en t i a l haeiaocyte counts (DriC): 
In t h i s experiments, d i f ferent types of haetnocytes 
were counted "by a method -which was espec ia l ly suited to 
the blood pic ture of i n sec t s . For t h i s purpose, smears 
of haemolymph stained with Giemsa's s t a in were used. At 
l e a s t 20 haemocytes were observed for DHC in one f i e ld and 
5 such f ie lds were selected in one smear. One blood smear 
v/as made from an individual insect and for each age group; 
3-6" smears of each sex were observed. On the bas i s of /-^  
t o t a l number of observed haemocytes the percentage of 
different types of haemocytes was ca lcu la ted . 
Method for h is topathological observation in the haemocytes: 
Different concentrations (0.25^, 0 .5^ , 1%, 1.5% and 
2%) of a modern organophosphorus compound, 0,0,dimethyl 
C2,2,2-tr ichloro-l-hydroxyethyl phosphate), commonly cal led 
'Trichlorfon ' and pa ten t ly known as 'Dipterex (donated by 
Bayer, India) were prepared by dissolving the ac t ive 
ingredient into acetone (BDH). Similar concentrat ions of 
the act ive ingredient of 'Aldrin ' (donated by Shell Centre, 
London) ( i ,2 ,3 ,4 , l0 , i0 -hexachloro- l :4 ,5 :a -d iendomethano- l , 
4,4a,5,8,8a-hexahydronaphthalene) a chlorinated hydrocarbon 
was also prepared. 
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TJae different concentrations of the insecticides were 
applied on 4-day old D. cinsulatus of both sexes. A constant 
volume of .0005 ml of each concentration of an insecticide was 
topically applied by a micro-applicator (Mitutoyo, Japan) on 
the prothoracic tergum. Fifty adults including equal number 
of males and females were treated with each concentration of 
the respective chemicals. 
• After the application of the insecticide, the insects 
were released on fresh food and kept at the above mentioned 
controlled conditions of temperature and humidity. 
Blood smears were prepared from each sex at intervals 
of 6 hours upto 24 hours after the treatment with insecticides. 
Thereafter, the blood smears were made at the interval of 
24 hours up to 72 hours because after this period most of the 
insects died physiologically especially in case of 'Dipterex'. 
The blood smears were stained with both (iiemsa's and Lieshman's 
stains (BDH) for histopathological observations of the haemocytes. 
Similarly, the blood smears of adults of the corresponding age 
treated with only acetone (BDH) were also prepared as controlled 
slides for comparison. 
Determination of the free amino acids (FAA) in the haemolymph; 
The free amino acids of the haemolymph were separated 
and identified in the pooled blood (naemolymph) which was drawn 
from thousands of 5th instar nymphs or adults of D. cingulatus 
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of each age group. The co l lec t ion of blood drops was done 
in small ice-cooled centrifuge tubes previously coated with 
phenylthiourea to i n h i b i t tyrosinase a c t i v i t y . From each 
pool of blood, a sample of 0.5 ml was deproteinized according 
to the method of Pant and Agravjal (1964) and fa t v/as removed 
by washing the residue with solvent e the r . The residue was 
dissolved in 0.25 ml of 10^ isopropanol which a l so served as 
preservat ive . Then 0.02 ml was applied on chromatographic 
paper (ifnatman No.l) measuring 67 cm x 46 cm for the separation 
of the free amino acids (FAA) of the haemolymph. Two aimen-
sional paper chromatography was done in a descending type 
chromatographic chamber (Adair and Dutt, India) kept a t a 
temperature approximately 18°C - 20°C. The two solvents were 
n-butanol : Acetic ac id : water (12:3:6 V/V) as f i r s t solvent 
and n-butanol: pyridine (1:1 V/V) as second solvent . 0.2^ 
ninhydrin in acetone (VJ/V) with a pinch of pyridine •was used 
as developer (Smith, i960) . 
The FAA of the haemolymph were iden t i f i ed by comparing 
t h e i r Rf values with those of the standard amino acids (BDH) 
separated in iden t i ca l condi t ions . Confirmation of each amino 
acid of haemolymph was done on the bas is of repeated and constant 
p ic ture obtained by number of chromatograms. Ehrlich reagent 
was used for the confirmation of c i t r u l l i n (Smith, i960) . 
The standard amino acids included 1-hydroxy prol ine 
dl-raethionine, 1-cysteine l - c y s t i n e , i so l euc ine , d l - c i t r u l l i n e , 
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1-tyrosine, 1-glutamic ac id , l - l e u c i n e , glycine, dl-c( -amino-
butyric ac id , 1-lysine, 1-asparagine, 1-ser ine, 1 -h i s t id ine , 
1-tryptophan, d l - th reonine , d l - a l an ine , 1-arginine and 
d l~orni th ine . Each of the standard amino acid was dissolved 
in ±0^ isopropanol. In prel iminary experiment mixtures of 
8 or 9 solut ions of standard amino acids were run. However, 
in f ina l chromatograms, mixture of a l l the solut ions of 
standard amino acids were nm and separated for comparison 
with the chromatograms of the haemolymph samples. 
Determination of t o t a l p ro te ins of the haemolymph: 
The technique for the determination of the t o t a l 
proteins of the haemolymph was based on the color imetr ic method 
of Io\/ry's e t a l . ( l95l) because t h i s was most sens i t ive 
technique than o thers . For t h i s purpose blood (haemolymph) 
was pooled from thousands of D. c ingulatus of each sex and 5th 
in s t a r nymphs of d i f ferent age groups. Collection of blood 
was done in small ice-cooled centrifuge tubes. Then these blood 
samples were centrifuged a t 7,000 r .p.m. for 30 minutes in order 
to remove the haeraocytes. The clean, t ransparent supernatant 
containing only plasma was used for the determination of the 
t o t a l pro te ins . .From each supernatant O.O2 ml sample was drawn 
and mixed with 1.0 ml of lO^ t r i c h l o r o a c e t i c acid (TCA) to 
p rec ip i t a t e the prote ins with centrifuging ,at 7,000 r .p .m. for 
3O minutes. Tnen the supernatant was rejected and the 
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precipitate was vjashed thrice with IN-potassium acetate solution 
(in absolute alcohol) and the same was repeated twice with 
absolute alcohol only. Finally, this precipitate was twice 
washed with solvent ether. All washings were along with centri-
fugation for lO minutes. The washed precipitate was dissolved 
in 5.0 ml iMaOH by heating gently on water bath. From this 
stock protein solution, ten aliquots of O.'d ml each were taken 
for the determination of total proteins. 
Each aliquot was mixed with 0.8 ml of distilled water 
(double distilled) and 5.0 ml freshly prepared reagent C 
(Lovjry's et al., I95l) and kept standing for 10 minutes. Then 
0.5 ml Folin's reagent (diluted from the stock solution with 
double distilled water l:i V/V) was added v/ith shaking and left 
for 30 minutes at the room temperature to develope the colour-
The optical density of each coloured solution was measured 
against a blank containing l.O ml distilled water, 6.0 ml reagent 
C and 0.5 ml Folin's reagent by Systronics Photoelectric 
Colorimeter (Systronics Ltd., India). To determine the quantity 
of total proteins in the final coloured solution, a protein 
standard curve was plotted by using 40 mg/lOO ml dissolved bovine 
serum albumin (Fig. - l). Thus the optical density of each 
solution was read against the standard curve and the quantity 
of the total proteins was Imown. Finally, the quantity of 
total proteins in 100 ml of haemolymph was calculated as follows: 
5x X 1 
" Q " " Q^Q~ X iOO = total proteins/100 ml 
Figure 1 
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where 5 = 5 ml KaOH solution containing proteins of 
0.02 ml of haemolymph 
X = proteins in mg. in 0.2 ml aliquot 
0.2 = ml aliquot of the protein solution 
0.02 = ml volume of haemolymph used for experiment 
from each pool of blood. 
For each age group and sex, the total proteins of the 
haemolymph was the mean values obtained in lOO ml haemolymph 
from the aliquot values. 
Statistical method; •^  
We have two independent samples x-, ,-••..• •-, X-,Q and 
y-j_,.... ,y-]^0 o-^  size lO each assumed to have arisen from normal 
population and we wish to test whether the means of the two 
samples differ significantly or not. For this purpose we apply 
the standard 't' test (Rao, 1952). 
S - y 
It is better to calculate it as 
t2 _ .2 ( i - y )2 
+ T 
90 
where T = Z x^ - 10 x^ and T' =211^ - lO y2 
34 K 
It the calculated value of (t) exceeds 2.7, the 
tabulated valaie of 't* at 18 degree of freedom and 5^ level 
of significance, then we infer that the sample means differ 
significantly. Otherwise, we infer that they are not 
significantly different. 
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Determination of cholesterol in the haemolymph: 
The determination of cholesterol in the haemolymph of 
5th instar nymphs and adults of D. cinsulatus v/as done hy the 
methods of Bloor et al. (l922) and Zaltikia et al. (±953). 
The haemolymph (blood) was pooled from thousands of insects of 
known age, sex and stage. 
Method of Bloor et al. (l922); 
From each pooled stock of haemolymph, 0.5 ml sample 
was deproteinized by adding 15.0 ml Bloor's alcohol-ether 
mixture (3:1 V/V) in a conical flask with a stopper and was 
whirled for 2 minutes in order to prevent clumping. The 
mixture was allovred to stand at the room temperature for an 
hour v/ith occasional shaking. The content was then filtered 
under cover through Whatman No.l filter paper. Tnen lO ml 
of the filtrate was transferred to a 60.0 ml dry corning beaker 
and was allowed to evaporate by heating. Boiling was avoided. 
The residue was dissolved and extracted in 3.0 ml pure and 
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anhydrous chloroform (Analar, BDii) by occasional heating on 
a water-bath. The extracted solution was transferred to a 
lO, 0 ml glass-stoppered standard flask. This was done thrice 
and the volume of the extracted solution was made to lO ml 
mark in the standard flask with chloroform. Then it was 
cooled at room temperature and the content T^Tas transferred 
to a 20 ml glass stoppered test tube and mixed with 2.0 ml 
colouring reagent (lO parts of acetic anhydride and 1 part of 
chemically pure concentrated H^SO^). Ail the final solutions 
with colouring reagent were kept in dark at 25°C for 3 0 minutes. 
The optical density of the coloured solutions W8.s measured 
against blank containing lO.O ml chloroform (anhydrous) and 
2.0 ml colouring reagent, by the riilger 65 + Biochem Absorb-
meter using red filter. Finally, the cholesterol concentration 
was, known against a standard curve (Fig. 2). 
Method of Zaltakia et al. (l953): 
This method required small^quantity of blood for each 
determination. From each stock of haemolymph pool, a sample 
of 0.05 ml was mixed with 3.0 ml pure glacial acetic acid and 
2.0 ml of colouring reagent (2 ml of 10^ Fecl^ in glacial acetic 
acid + 100 ml of chemically pure concentrated H2SO4) and left 
at room temperature for 30 minutes. The colouring reagent was 
carefully added along the side of the tube so that it formed 
tvro layers. Tnen the two layers were shaken well. Tne optical 
Figure 2 
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density of the coloured solution was read against a blank 
with 0.06 ml distilled water + 3.0 ml glacial acetic acid + 
2.0 ml of colouring reagent by Baush & Lomb Spectronic 20 
Colorimeter and Hilger 56 + Biochem Absorbmeter. Finally the 
cholesterol concentration was known against the standard 
curves (Fig. 3 a & b). 
In this experiment two colorimeters of different make 
vrere used due to the defect in one of them during the progress 
of the work. Therefore, two standard curves were obtained 
one for each instrument (Fig. 3 a & b). The cholesterol 
concentrations were known by the respective standard curves. 
Calculation for cholesterol concentration in lOO ml haemolymph: 
^^ ^ Bloor's et al. Method: 
X X x' = mg cholesterol/lO ml extract 
X X x' X 15 
= mg cholesterol/16 ml extract i.e. 
10 
0.5 ml of haemolymph. 
Thus a l i q u o t of 0.5 ml haemolymph c o n t a i n s 
15 X X X x ' 
= rag c h o l e s t e r o l 
10 
lOO ml haemolymph contains 
15 X X X x' X iOO 
= mg cholesterol/lOO ml 
10 X 0.5 
Figure 3 
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where x = OD/lO ml extract 
x' = lOD (from standard curve) 
(b) Zaltikia et al. method: 
X X X' 
= nig cholesterol/0.05 ml of haemolymph 
0.05 
X X x' X 100 
_ jjjg cholesterol/lOO ml of haemolymph 
0.05 
where x = OD of 0.05 ml of blood sample 
x' = lOD (from standard curve) 
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IV' TYPES OF FREE HAEMOCYTES IN ADULT D. CINGUIATUS. 
The haemocytes of Dysdercus clnpiulatus Fabr. have 
been studied in the blood smears of both males and females 
from the time of their emergence to the age of two v/eeks. 
These haemocytes are mainly grouped on the basis of their 
staining reactions to Giemsa's and Lieshman's stains which 
are most common histological stains of the vertebrate blood. 
Generally both the stains have similar staining effects on 
each type of haemocytes of D. cingulatus. Although a 
careful study of the shape and size of the haemocytes has 
been done, these have not served to form the criteria for 
the classification of the colls. The free haemocytes of 
'^* cingulatus are grouped as prohaem.ocytes, plasmatocytes, 
adipohaenocj'-tes, granular haemoc3^ tes and ocnocytoids. 
There is no difference in the distribution of different 
types of cells between males and females and all types are 
represented in the blood film of both sexes of each age 
group. The nomenclature of each type of haemocyte is 
discussed in the Section of discussion.'^  However, the 
characteristics of each type ore given belov; and a summary 
of the characteristics of different haemocytes is mentioned 


























































































































































































































































































































































































































































































































































These cells are usually small with distinct cell 
membrane (Plate I, Figs. 1 to 5; Plate VI, A pr]_ to prg , 
B, pr). These cells are mostly spherical or fusiform. 
The diameter of the spherical cells is 7.2/1 to 14.0 ja 
whereas the dimensions of fusiform and ovoid cells vary 
between 7.2 yx x 14.4 }i to 7.2 >J x iS.O/i. 
The nucleus generally occupies the entire cell 
leaving only scanty cytoplasm which is homogenous, rarely 
granular and mostly basophilic. Often-the cytoplasm is 
slightly eosinophilic. Generally in all the cells, the 
nucleus occupies eccentric position in the cell and it is 
more basophilic than the cytoplasm. Further, the nuclear 
space is uniformly packed with distinct dot-like granules 
which are very distinct in the dividing cells (Plate V, 
Figs. 7 to 11; Plate VII, D, te3 & te4, me2)' 
I^1_F' PLAsmTOCYTES. 
These cells are generally larger than the prohaemocytes. 
Hov/ever, they arc polymorphic in shape (Plate II, Figs. 1 to 
13; Plate VI, B, pi.; D, pl-j_ to pl^o^ ^^^ ^^® generally 
spherical,ovoid, fusiform or spindle shaped but occasionally 
irregular in form. The cell membrane is generally smooth 
and regular. Often it is irregular. The sise of the spherical 
4 r. 
or ovoid c e i l s v a r i e s between l O . S / i to 5 7 . b / a . But the 
fusiform c e l l s a r e 9 /1 to 10 .8 AI in width and 25 yu to 3 6 M 
in l eng th (P la te I I , Figs. 1 to 1 3 ) . The cytoplasm i s 
p r o p o r t i o n a t e l y l a r g e r than in the prohaemocytes . There 
a re a few to many vacuoles in the cytoplasm, whereas the 
remaining cytoplasm i s e o s i n o p h i l i c and g r a n u l a r . But the 
g ranu les a re f ine and make a network of th read l i k e 
s t r u c t u r e . In c o n t r a s t to the prohaemocytes , the nuc leus 
of the p lasmatocytes g e n e r a l l y does not occupy g r e a t e r 
p a r t of the cytoplasm. F u r t h e r , the nuc leus i s e i t h e r 
ovoid or round and s l i g h t l y e c c e n t r i c in p o s i t i o n . In a l l 
the p l a sma tocy te s , the n u c l e i a r e "basophil ic and bear 
d i s t i n c t nuc lea r membrane. The n u c l e a r space i s e i t h e r 
f i l l e d with f ine chromatin network or d o t - l i k e g r anu le s 
which a re very d i s t i n c t during the s t ages of m i t o s i s which 
i s more f requent in these c e l l s (P l a t e V, Figg. 1 to 6; 
P la te VII , D, Te3_J<;Te5, pp-|_ to ppg , an-|_ , me-]_ ) . 
TYPE I I I . ADIPOHAEKOCYTES. 
These a re l a r g e s t c e l l s but most ly broken du.ring 
smearing. Hoxrever, t h e i r shape i s l e s s v a r i a b l e than the 
o t h e r types of haemocytes and the se a r e s p h e r i c a l but r a r e l y 
ovoid (P la t e I I I , Figs.i 1 to 5*, P l a t e V I I , A, ad-^ to ad2_]_). 
The diameter of these c e l l s v a r i e s from l 4 . 4 / i to 57 .0 / j i . 
The v a r i a t i o n in s i ze of these haemocytes depends upon the 
,7 ^ 4o 
quantity of fat droplets in their cytoplasm. However, the 
undamaged cells show clear cell membrane. The fat droplets 
in the cytoplasm also vary in their size and they generally 
occupy the entire cytoplasmic area so that the cytoplasm is 
quite indistinct. The presence of fat droplets has been 
confirmed with Sudan Black-B stain (BDH), The nuclei of 
these haemocytes are largest in size than those of other 
types of haemocytes and they are always placed in eccentric 
position (Plate VII, B, nuj^ and nug )• But sometimes the 
nucleus is puslied tov;£rds the periphery of the cell due to 
the pressure of the fat droplets. Iience, in such cases the 
nucleus looses its spherical shape and becomes pressed or 
irregular. The nuclear space is generally full of large 
granules which are either spherical or ovoid and basophilic. 
Often the nuclear matter contains fine granules which make 
fine network of chromatin. Mitosis has not been found in 
these cells. 
The adipohaemocytes of the nev/ly emerged adults are 
larger in size than those of the other adults. This is 
because of the reduction in the cytoplasm and its lipid 
contents in the older cells. 
TYP3 IV, OaiJOCYTOIDS. 
These cells are larger than the prohaemocytes. Their 
shape is generally spherical but they vary in size (14.4 /i to 
21.6/1). In general appearance these haemocytes are thick 
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with distinct regular cell raeinbrane (Plate IV, Figs. 1 to 6; 
Plate VI, C, oe^ ^ to oe2_o5' "^^^ cytoplasm of these cells is 
deeply eosinophilic and homogenous, However, occasionally 
2 or 3 small vacuoles are present. Often there are lor^  2 
dot-like black structures near the periphery of the cells. 
The nuclei are characteristically small and spherical in 
comparison to the cell size and alv/ays eccentrically placed. 
Further, the nuclear granules are distinct and deeply baso-
philic. Occasionally the cytoplasm is also basophilic. 
Thus the clear distinction between the nucleus and the cyto-
plasm is difficult in such cells. In the oenocytoids mitosis 
is only occasional (Plate V, Figs. 12 to 14; Plate VII, D, 
tea)-
TYPE V, GRAHULAR HAEMOCYTES• 
N 
These haemocytes are also larger than the prohaemo-
cytes. They are mostly irregular in shape with distinct to 
indistinct cell membrane. Some granular haemocytes are 
spherical and rarely ovoid but generally they appear irregular 
(Plato I, Figs. 6 to 12; Plate VII, C, gr-|_ to grg). The size 
of the spherical haemocytes varies from 21.4 p. to 33.0^ in 
diameter. These cells are thin and fragile. The cytoplasm 
is weakly eosinophilic and contains only few vacuoles. But 
it is rich in thick granules which arc deeply basophilic. 
The granules are of different sizes v;hich are uniformly 
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scattered. Occasionally these granules are small and dot-
like in appearance. In some cells, the cytoplasmic granules 
are iiniform In size whereas in others these are nmltisized. 
The nuclei are distinct, spherical or ovoid in shape and 
usually eccentric in position. These nuclei contain either 
chromatin network of fine granules or distinct scattered 
granules which are uniformly packed in the nu.clear space. 
All the nuclei are basophilic. ' Usually, the mitosis is 
not seen in these cells. 
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V* FREE HAEMOCYTE COTOITS IH D. CINGULATUS. 
( i ) Tota l haemocyte counts (THC) in 6 t h i n s t a r nymphs and 
a d u l t s r e l a t e d to agGJ metamorphosis and r e p r o d u c t i o n . 
In the 5 th i n s t a r nymphs, t o t a l counts of free 
haemocytes (THC) have been made in the mixed popu la t ion 
inc lud ing both males and females because sex d i s c r i m i n a t i o n 
i s a p p a r e n t l y not p o s s i b l e i n the nymphs. The THC of 
d i f f e r e n t i n d i v i d u a l s of the same age group v a r i e s (Appendix 
Tables 1-11) . In the newly moulted 5 th i n s t a r nymphs, TIIC 
v a r i e s between 1620.0 cells/mm3 to 7132.5 cells/mm^. But the 
mean value i s 3631.8 cells/mm3 (Table 2 ) . Within the nex t 
two days , t h e r e i s a rapid i nc r ea se in the number of 'haemo-
cy tes and maximum number occurs for the d u r a t i o n of t h i s i n s t a r . 
The va lues a r e 7110.6 cells/mm^to 16065.0 cells/mm^ between 
d i f f e r e n t i n d i v i d u a l s , but the mean value i s 9641.6 cells/mm^ 
which i s a lmost th ree t imes t h a t of the nev;ly moulted nymphs 
(Table 2 , F i g . 4 ) . Following t h i s peak the THC s t e a d i l y 
f a l l s down. In the 4-day-old nymphs the mean value i s 
7351.4 cells/mrnS (3032.5/mm3 to l l S 1 2 . 5 / i m 3 ) . The s i x day 
old nyaiphs have 4066.5 cells/mmS (900.0/mm3 to 7020.0/mn3) . 
These nymphs g e n e r a l l y p repare to moult a f t e r 6 days and 
most of them complete moulting between 7 th ana 8th day. Thus 
p r i o r to the imaginal moult ing the haemocyte number becomes 
4056.5 cells/mmS (9C0.0/mm3 to 7020.0/mmS). It i s , t h e r e f o r e , 
Table 2 . Changes i n t h e t o t a l f r e e haemocyte c o u n t s (THC) 
of 5 t h i n s t a r nymphs and a d u l t s D. c in f f l i l a tus i n 




F r e e haemocyte counts/ram^ 
5 t h i n s t a r T-
Nymphs x f/lale 
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i n t e r e s t i n g t h a t THC va lues in the beginning as well as in 
the end of 5 th i n s t a r nymphal per iod a re low and approximate to 
one a n o t h e r . I t i s concluded t h a t the p rogress ive decrease 
in THC in the 5 th i n s t a r D. c i n s u l a t u s nymphs i s r e l a t e d 
to moulting and metamorphosis. 
In case of a d u l t s , THC has heen made in males and 
females s e p a r a t e l y with r e s p e c t to a g e . Like the 5 t h i n s t a r 
nymphs the THC of i n d i v i d u a l a d u l t male or female of the 
same age group v a r i e s very much. The newly emerged females 
have THC 4928.0/mm^ to 9023.0/ma3 (Appendix; t a b l e 5) and 
t h e i r mean value i s 6646.4 cells/mmS (Table 2 ) . On the o t h e r 
hand, the THC of the newly emerged male i s mu.ch lower and the 
average value i s 3266.8/ram^ (l980.0/mm3 to 4928. ^/mmS). 
F u r t h e r , the mean THC of the newly emerged females i s 
s i g n i f i c a n t l y h igher than t h a t of the newly moulted and 
6-day-old 5 th i n s t a r nymphs (Table 2 ) . However, i f mean 
THC of equal number of nev/ly emerged males and females i s 
compared with t h a t of 6-day-old 5 th i n s t a r nymphs, then a l s o 
the mean THC of nev;ly emerged a d u l t s i s s i g n i f i c a n t l y h i g h e r 
than t h a t of 6-day-old nymphs. Although in females t h e r e i s 
a f a l l in THC following emergence, the f i r s t s i g n i f i c a n t 
i nc r ea se in the free haemocytes occurs on the 4 th p o s t -
emergent day when the mean value i s 6942.0/mm3. But in the 
males the f i r s t peak of THC occurs on the 2nd day and the 
second i nc r ea se i s on the 6th pos t emergent day when the mean 
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values are 4795.5/nim3 and 5781.6/mnP^ respec t ive ly . But the 
proportionate increase in the males i s more than tha t of the 
females. Later, in both sexes there i s a s igni f icant f a l l 
in TIIC upto 8th post-emergent day. Thereafter the number of 
haemocytes f luc tua tes . However, the 12-day-old females have 
mean THC 4420/mm3 and tha t of males i s 4993.5/mm3, I t c l ea r ly 
indica tes tha t there i s a marked reduction in TUG in 12-day-
old females in comparison to the nev;ly emerged females. On 
the other hand, 12-day-old males have s ign i f i can t ly higher 
THC than tha t of the nev/ly emerged males. 
In the 5th ins t a r nymphs, the peak of THC i s much 
higher than that of e i the r the males or the females during 
t h e i r 12-day-old l i f e . I t suggests tha t the population of the 
free haemocytes i s generally higher during the inter-moult 
period of the 5th ins t a r nymphs as compared to tha t of the 
males and females upto a 12-day l i f e . 
In the present control led condi t ions , D. cingulatus 
females lay f i r s t batch of eggs on the 6th or 7th post-emergent 
day and the second batch of eggs i s l a id on 11th or 12th post -
emergent day. A th i rd batch of eggs i s a lso l a i d a f t e r 3 to 
4 more days. Hov/ever, in the present experiment, most of the 
females have not survived to tha t end. The two peaks of TIIC 
in females on the 4th and lOth day (Fig. 4) correspond to two 
preoviposi t ion periods whereas the lower values of TIIC follow-
ing these peaks are related to the two periods of ovipos i t ion . 
0 
In the males there are three peaks of THC during the 12 days 
period on 2nd, 6th and lOth post-emergent days, respectively. 
These peaks generally precede each mating period during which 
the haeraocyte number remains low. In both the sexes all the 
peaks of THC whether large or small are significantly higher 
than the preceding TIIC values. 
(ii) Differential haemocyte counts (DIIC) in adults related 
to age and reproduction. 
The counting of different types of fr.ee haemocytes has 
been made in the blood of males and females of different age 
groups and also in relation to the reproductive behaviour. 
The prohaemocytes, plasmatocytes, adipohaemocytes, oenocytoids 
and granular haemocytes are the main cells of D. cingulatus 
as described before. Tlie percentage of each type of haemocytes 
has been calculated on the basis of the total number of all 
the haemocytes vaiich have been observed in a number of blood 
smears of each age group (Table 3). The detailed data is 
given in appendix tables 12 to 24. On the same basis percen-
tage of mitosis has also been calculated. However, for the 
counting of mitosis, any phase or stage of mitotic figure has 
been counted. 
As in case of THC the differential counts of the 
individuals of each age group also vary< - very much (Appendix 
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type of haemocytes between males and females of the sane age 
group varies. »The present data on D. cinfJiulatus indicate 
that the highest population "belongs to that of adipohaemocytes 
and that significantly''occurs in the newly emerged males 
than females of the same age (Table 3).) The percentage of 
prohaemocytes varies between the males and females of the 
same age. However, in the early part of 12 days observation 
froai the emergence of the adults the prohaemocytes are generally 
higher in number in females. In both sexes, the maximum 
density of the prohaemocytes occurs in the oldeT individuals 
and does not differ much (Fig. 5, A). But the valiies are 
significantly less in comparison to the percentage of plasma-
tocytes in the older adults and that of the adipohaemocytes 
of the young ones. 
The percentage of plasmatocytes is much higher in the 
newly emerged females than males of the sane age (Fig; • ;6 ,, B). 
In both sexes the plasmatocytes increase in number following 
emergence. Although the increase is not steady, the maximum 
percentage of plasmatocytes is seen on the 8th and 9th post-
emergent days respectively in males and females. Further, 
in both sexes the maximum percentage is nearly the "same and 
thereafter fall occurs. The percentage of those hacmocytes 
in older adults of both sexes remains significantly higher 
than those of the newly emerged adults (Fig. 5 , B). Further, 
in the older adults the percentage of the plasmatocytes is 
the highest among all types of cells (Table 3). 
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Although some adipohaemocytes are crushed during the 
smear formation, yet (there^  counting is possible b^r identify-
ing their nuclei along with cytoplasmic remains. Adipohaemo-
cytes are highest in percentagefthan all the haemocytes of 
the nev;ly emerged adults. Further, the newly emerged males 
have significantly higher percentage of adipohaemocytes than 
the females of the corresponding age. Later, in both sexes, 
the adipohaemocytes show a falling tendency and after the 
first reproductive cycle in both sexes, the percentage is 
reduced very much (Fig. 5, C). This condition is contrary 
to that of the plasmatocytes. F'urther, it indicates that in 
male D. cingulatus adipohaemocytes make up the bulk of the 
free haemocytes whereas the plasmatocytes are massive in 
females. 
In both sexes, the oenocytoids are very poorly 
represented in comparison to prohaemocytes, plasmatocytes 
and adipohaemocytes. Farther, the oenocytoids are scant.-y in 
the beginning of the adult life especially in the females 
(Fig. 6, D). Hovrever, after two days, the percentage of these 
cells increases in males whereas in females, there is some 
increase after six days. But this trend does not continue 
afterwards. The granular haemocytes are slightly better 
represented than the oenocytoids especially in the newly 
emerged females. The population of these cells also fluctuates 
(Fig. 5, E). 
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Among all the haemocytes the percentage of the cells 
under mitosis is also very small and does not differ markedly 
between males and females. However, it appears that in the 
older adults of both sexes there is a tendency of reduction 
in mitosis (Fig. 5, F). 
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¥1. EFFECT OF INSECTICIDES OW THE HAEMOCYTES OF 
-' J>»-C'INGUMTUS 
In the present section, contact effect of different 
concentrations of Dipterex (0,0-dimethyl-(2,2,2-trichloro-l-
hydroxyethyl phosphonate) and Aldrin (l,2,3,+4,10,lO-hexachloro-
1:4,5 :8-dlendromethano-l,4,4a,5,8,8a,hexahydronaphtlialene) 
have been studied on the haemocytes of D. cing:ulatus. The 
former insecticide is a modern organophosphorus compound of 
a broad spectrum used in the control of a variety of insect 
pests including D. cin,g:ulatus» The second insecticide is a 
chlorinated hydrocarbon which is also widely used in the 
control of different types of insect pests including the 
present species. Therefore, the difference in the chemical 
nature of these two Insecticides may reveal their effective-
ness on the haemocytes of D. cinf;ul3tus with respect to the 
quantity of their active ingredients (Table 4 and 5). 
Although the affected haemocytes generally loose their 
identity, efforts have been made to discriminate the affected> 
cells so as to appreciate the comparative histopathological 
conditions of different types of haemocytes. Further, each 
concentration of both Dipterex and Aldrin has been applied on 
equal number of males and females v/hich belong to 4-day age. 
Thus the present observations include the general picture which 
Table 4. Important pathological conditions of different haemocytes of D. cingulatus 
treated with various concentrations of Dipterex. 
Ito. of Concen-







Quantity of Interval 
insecticide after the 
applied on application 























Shape changes in PL, ragged cell-membrane, 
cytoplasm and nuclei highly granular, 
distortion. 
All cells indistinct, PL more ragged, 
distortion and destruction of some cells. 
fere ragged cells, nucleus discharged in 
many cells, nuclear fragmentation, distortion 
and destruction, I^" are observed. 
PL fusiform, distortion of more AH and GH, 
PL nuclei pushed out, abnormal vacuolization. 
AH more fragile and destroyed, destruction 
of 3 0^ haemocytes. 
Fragmented' nuclei in many cells, high cell 
destruction. 
Like 24 hours of concentration 2. 
Fragmentation of nuclei in 1(^ 5 cells, 
occasional discharge of nuclei-
Abnormal vacuolization, more destruction of 
cells, MF are not observed. 
G-E and AH mostly destroyed, fragmentation of 
cells and nuclear discharge increases. 
PL show cytoplasmic bulgings, achromophilia, 
shrinking of the size of OE. 
l%jority of cells completely destroyed, 
nuclear fragmentation, distortion of many 
cells• 
PL with abnormal vacuolization, OE distorted. 
Indistinct cell membrane. 
Degeneration and destruction of many cells, 
only PL and PR visible, fragmentation of 
nuclei, plasma folds. 
Thick plasma makes folds, fragmented nuclei 
of PL and PR which are few in number, mostly 
cell debris in the smear. 
PL = Plasmatocytes 
AH = Adipohaemocytes 
OE = Oenocytoids, 
PR = Prohaemocytes 
GH = Granular haemocytes 
MF = Mitotic figure C?5 
Table 5. Important pathological conditions of different haemocytes of D. cingulatus 













































Some cells show abnormal vacuolization. 
Almost as above. 
No effect. 
Abnormal vacuolization, fev/ PL fusiform. 
Almost as above. 
Cells appear healthy 
Occasional change in shape, abnormal 
vacuolization. 
Almost as above. 
PL vacuolized, OE unaffected. 
I'fost of the cells degenerate,only 25^ ^ 
cells appear normal. 
Thick plasm-a, nuclei of PL and PR 
fragmented or discharged, destruction 
of AH common. 
PL = Plasmatocytes 
AH = Adipohaemocytes 
GH = Granular haemocytes 
PR = Prohaemocytes 
OE = Oenocytoids 
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is based on both sexes because no appreciable difference is 
seen in the blood smears of affected males and females by^any 
concentration. The object of the present experiment is to 
observe the histopathological condition of the haemocytos as a 
result of the contact effect of selected insecticides on the 
body of D. cinsulatus and it is not the purpose to observe the 
toxicity of these insecticides leading to mortality or knock-
down property. Therefore, the determination of lethal doses 
(LD) of the insecticides based on the percentage or mortality 
has not been made. The concentrations of each insecticide 
include from a dilute to high solutions which are 0.25, 0.5, 
1.0, 1.6 and 2.0 percent of the respective active ingredients. 
Further, for the histopathological observations on the haemocytes 
death of the insect is confirmed on the physiological basis, 
when all sorts of body movements even by touch stimuli cease 
and haemolymph dries up. Therefore, pharmacological and external 
symptoms of the treated adults have been studied at regular 
intervals to select out the physiologically live insects for 
observing the blood picture. 
(i) Observations on the pharmacological and external symptomsi 
Following the application of different concentrations of 
Dipterex and Aldrin on the prothoracic tergum of the adults of 
both sexes, pharmacological and external symptoms have been 
observed on almost equal number of males and females. In the 
o3 
preliminary experiments it has "been confirmed that there is no 
sexual difference in respect of the external responses. 
^^ ^ Effect of Dipterex: 
0.25?^  Dipterex 
Adults treated with this concentration indicate sluggish 
movement after about 15 minutes of its application. Then they 
intermittently vomit a colourless fluid from the mouth parts. 
Occasionally yellowish fluid is discharged through the anus. 
Paralytic effect begin after 45 minutes and it takes place by 
faulty orientation of the body, shivering of the legs and 
antennal movements. During 3 hours after the application, all 
the individuals are completely paralysed ano lay up side down 
on the bottom of the jar. No attention is paid to food at any 
time after the treatment. 
0.5^ Dipterex: 
Soon after the application of this concentration, 
abnormal movements start. Vomitting of colourless fluid inter-
mittently takes place probably with irritation in the mouth 
parts. Paralysis starts earlier than in insects treated with 
0.25^ Dipterex. The ejection of yellow fluid from anus is 
preceded and followed by paralysis which is completed in two 
and a half hours after the application of insecticide. All 
insects lie upside down. /However, twitching of the legs is 
occasionally seen. There is no feeding response. 
S4 I 
1.0$;^  Dipterex: 
Abnormal and sluggish movements start rapidly after the 
application. Paralytic effects are seen earlier than in case 
of 0.25^ and 0.5^ concentrations. The entire paralytic effect 
is completed in about 2 hours following the application. There 
is no response to food. 
l,5fo Dipterex: 
The adults treated with this concentration show all the 
external symptoms as described with respect to other concentra-
tions but the time taken \"is very short. Within about 45 minutes 
of the application of this concentration, 57^ of the insects 
paralyse' . VJhereas, paralysis of all the insects occurs within 
an hour and 45 minutes. However, the paralysed insects still 
keep on twitching of the legs. 
2.0^ 5 Dipterex: 
The external symptoms of adults treated with this concen-
tration are more severe and the insects become Zethargy}very 
soon. Paralysis takes place earlier and starts within 5 minutes 
of application. Vomiting is very copious and occurs with 
irritation in the mouth parts. All treated insects paralyse' 
within an hour. There is no feeding response. Only a very 
small percentage of paralysed insects survive beyond 72 hours. 
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However, in some treated insects, blood is available for obser-
vation after 72 hours, although the insects treated with lower 
concentrations also largely do not survive beyond 72 hours. 
The physiologically live adults provide enough blood to prepare 
the smears of blood at 72 hours following the treatment. 
(b) Effect of Aldrin. 
0.25^ Aldrin: 
The insects treated with this concentration show changes 
in their behaviour within 24 hours. They are perfectly normal 
in their sexual behaviour etc. There is no significant change 
upto 72 hours in their behaviour but later, these insects are 
found little affected by showing sluggishness only. 
0.5^ Aldrin; 
The adults affected by this concentration remain almost 
active upto 24 hours following application except occasional 
signs of irritation in their mouth parts and legs. Such adults 
normally meet and they ingest even after 24 hours. Vomiting 
and diarrhoea are not seen. Further changes in external symptoms 
do not occur upto 72 hours. 
l.Ofo Aldrin; 
Adults treated with this concentration show sluggish 
movements after 24 hours and show irritation in their mouth parts 
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and legs as well as they unfold their wings probably indicating 
the nervousness. Such insects become more "sluggish but they 
do not shov/ further deterioration in their normal behaviour. 
1.5^ Aidrin: 
The adults treated with this concentration also remain 
like those which are treated with 1% Aldrin. 
2_.Of6 Aidrin; 
After the application of this concentration the insects 
generally show rapid irritation in the mouth parts. After 
24 hours, they show uneasiness in the movement of their appen-
dages indicating the beginning of paralytic effect which is 
shortly completed in about 40^ 1^  treated insects. The rest of the 
treated insects become paralysed later. But after 72 hours a 
fair percentage of treated insects still remains unparalysed. 
However, they are pharmacologically abnormal. 
(ii) Observation on histopathology of the haemocytes: 
(a) Effect of Dipterex: 
In a preliminary experiment, it has been found that after 
the application of different concentrations of Dipterex, the 
haemocytes indicate significant histopathological effects only 
after 24 hours following the application of this insecticide. 
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Therefore, observations on the haemocytes have been made after 
24, 48, and 72 hours following the application. After 72 hours, 
only a few treated insects survive physiologically. 
Following the application of the lowest concentration 
of Dipterex (Table 4) there is a change in shape of all the 
haemocytes and most of the plasmatocytes become fusiform 
(Plate VIII Fig. B, Plate XTT, Fig. L) as compared to the normal 
cells as well as to the cells of acetone treated insects 
(Plate VIII, Fig. A). Further, generally cytoplasm of all types 
of cells except adipohaemocytes and granular haemocytes become 
granular and their cell membranes are indistinct. Some cells 
show vacuolization. The cytoplasm and nuclei become highly 
granular. However, the distortion is only in a few cells other 
than adipohaemocytes and granular haemocytes. 
Within next 24 hours, the cytoplasmic appearance of all 
the haem.ocytes becomes less distinct. The plasmatocytes show 
cytoplasmic bulgings, extentions or pseudopodial appearance 
whereas some cells indicate clumping of their cytoplasmic contents 
(Plate VIII, Fig. D, Plate XII, Fig. A). Some plasmatocytes 
show large vacuoles and their nuclei push tovrards periphery 
(Plate VIII, Fig. C & Plate XII, Figs. D, E, J.M. and P). The 
cytoplasmic portion of the oenocytoids shrinks in size and thus 
their nuclei appear larger as compared to the normal oenocytoids. 
However, prohaemocytes are mostly unaffected. In general, all 
cells shov; the precipitation of their nuclear chromatin into 
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large granules. This condition is comparable to the beginning 
of the prophase of mitosis, although mitosis is not so frequent 
(Plate XII, Figs. H, B and S). Most of the cells appear in 
distorted form. Advanced mitotic phases are also observed which 
apparently take place at the same rate as in the normal blood 
smears. 
In about 72 hours after the application of this concentra-
tion of Dipterex, there is an apparent loss of cell number along 
with a decrease in the volume of the blood (haemolymph) as drawn 
for smears. Almost all cells have ragged or broken membranes 
(Plate XII, Fig. K and M). Degeneration of cells is also increased. 
The nuclei of oenocytolds become swollen and in many cells the 
nuclei become pushed towards the periphery. In some cells the 
nuclei are about to be pushed out of the cells. Occasionally 
the haemocytes are unrecognizable. In some plasmatocytes nuclei 
undergo fragmentation. Destruction of adiphohaemocytes and 
granular haemocytes is common at this stage. Clumping of cells 
is only frequent (Plate VIII, Figs. E and F & Plate XII, Fig. I). 
The haemocytes affected by 0,5% of Dipterex generally 
indicate similar effects as observed by the contact of 0,25^. 
However, the changes in the haemocytes appear earlier with regard 
to the stronger concentrations. In this case also after 24 hours 
following the treatment, most of the plasmatocytes become fusi-
form (Plate IX, Fig. A). Distortion of the haemocytes is compara-
tively more. Plasma makes folds. The adipohaemocytes and 
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granular haemocytes are more frequently destroyed in the smears. 
The cytoplasm of majority of haemocytes develops abnormal 
vacuoles (Plate XII, Figs. B,C,D,E,F and J). The nuclei of 
many plasmatocytes Indicate their almost extrusion from the 
cells. The cytoplasm of nearly all the cells becomes highly 
granular. After 48 hours, the pathological effects extend 
further and cover more haemocytes. The plasma of the blood 
smears develops many folds (Plate IX, Fig. B). The cellular 
contents of many haemocytes become clumped. The fragility of 
the adipohaemocytes is increased and these cells are mostly 
destroyed in the smears. The density of the haemocytes in the 
smears reduces and approximately 30^ of the haemocytes are 
destroyed. In the next 24 hours, there is further increase in 
the pathological conditions which spread to more number of 
haemocytes. Both nuclei and the cytoplasm of the majority of 
the haemocytes are abnormal. In many haemocytes, nuclei are 
fragmented. The plasma folds are frequent (Plate IX, Fig. C). 
Normal haemocytes are only scanty in the blood smears of the 
treated adults. In general, there is an increase in cell 
destruction and plasma folds. 
The effect of 1.0^ 5 Dipterex on the haemocytes during the 
first 24 hours is not more marked than that of the first two 
concentrations. There is almost similar damage to the shape of 
the plasmatocytes. The cytoplasm of these cells is granular and 
vacuolized. However, in fev/ haemocytes the nuclei are fragmented, 
Further, the distortion and disintegration of a fev; cells are 
also visible (Plate IX, Fig. D). 
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After 48 hours, the nuclei swell up in the oenocytoids 
(Plate XII, Fig. Q ) . In other haemocytes, clumping of the whole 
cells is common. The cell raemhranesof generally all the colls 
appear rough and irregular. The abnormal vacuoles are large in 
size in some cells. Fragmentation of nuclei increases and occurs 
in about 10^ of the haemocytes (Plate IX, Fig. E). Occasionally, 
haemocytes are observed without nuclei which are extruded out of 
the cells by rupturing the cell membrane (Plate XII, Fig. T). 
In each blood smear there are many nuclei without cells. In 
these discharged nuclei, the nuclear material is clumped in a 
dark stained mass. Plasma folds are more commonly seen in the 
blood smears. 
In 72 hours, after the application of this concentration 
of Dipterex, pathological conditions of the haemocytes are maximum. 
There is a precipitation of large granules in the intact cells. 
But most of the haemocytes are completely destroyed. The remain-
ing cells are greatly vacuolized and have indistinct cell membranes. 
Mitotic figures are not found at this stage (Plate IX, Fig. F). 
The effect of 1.5^ Dipterex is more severe than that of 
1.0^ concentration. The plasma of the insects affected by this 
concentration becomes thick in consistency. Majority of adipo-
haemocytes and all granular haemocytes are destroyed and only 
their nuclei remain. These nuclei are generally clumped. However, 
the intact cells have their nuclei pushed towards the periphery 
of the cells or they are fragmented. Cytoplasm of such cells is 
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highly vacuolized (Plate X, Fig. A & Plate XII., Figs. B, C, D, 
E, F, and J). 
After 48 hours, the haemocytes affected by 1,5^ concentra-
tion of Dipterex indicate further pathological conditions. In 
most of the haemocytes cell membrane is indistinct. In many 
plasmatocytes, the cytoplasm bulges out (Plate XII , Fig. G). 
In some of these cells cytoplasmic processes are formed. Majority 
of the haemocytes show achromophilia as compared to the normal 
stains taken by these cells (Plate X, Fig. B). 
After 72 hours, haemocytes undergo maximum pathological 
state and majority of cells are destroyed completely. The identity 
of many cells is not possible at this stage (Plate XII, Figs. K 
and R). In most of the haemocytes, the nuclei become fragmented 
and crushed. Otherwise, the haemocytes are seen in distorted 
form in the blood smears (Plate X, Fig. C). 
In the adults affected by 2% Dipterex, after 24 hours 
following the application, the haemocytes generally indicate the 
same pathological conditions as observed with respect to 1.5^ 
concentration. However, the adipohaemocytes are generally not 
visible because of their destruction but fragments of their 
cytoplasmic portions along with separate nuclei are present in 
the blood smears. There is a precipitation of chromatin material 
of the nuclei whereas the cytoplasm is highly vacuolized especially 
in the plasmatocytes. Granular haemocytes are completely destroyed 
by the effect of this concentration of Dipterex. In some haemocytes, 
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the nuclei have reached to the point of extrusion from the cells. 
Often, the haemocytes are empty. The plasma becomes thick in 
consistency (Plate X, Fig. D). 
After 48 hours, only plasmatocytes and prohaemocytes 
remain in the blood smears. These cells have rough membranes. 
The prohaemocytes also develop vacuoles in their scanty cytoplasm. 
Generally both types of cells appear clumped. The remains of the 
broken haemocytes show various degree of achromophilia. Some of 
the degenerating haemocytes indicate fragmentation of their nuclei. 
However, the oenocytoids are least affected which only show shrin-
kage and appearance of a few abnormal vacuoles (Plate X, Fig. E & 
Plate XII, Figs. I, N, 0, P and R). 
After 72 hours, following the treatment with this concentra-
tion the blood smears mostly indicate cell debris of all types cf 
cells. The identity of the cells is restricted to only a few 
disfigured cells. Some of these cells are the plasmatocytes which 
appear almost normal plasmatocytes. It may be due to the recovery 
of a few plasmatocytes from the toxic effect of this poison 
(Plate X, Fig. F). 
(b) Effect of Aldrin; 
The concentrations of Aldrin remain the same as used in 
case of Dipterex. Further, the method of application and the age 
of adult D. cingulatus also remain similar. Aldrin has been selec-
ted as a representative of the chlorinated hydrocarbons to compare 
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with the effect of Dipterex which is an organophosphorus corapound. 
The haemocytes remain unaffected during the first 24 hours 
when adu.lts are treated with 0.25^, 0,5^, 1.0^ and 1.5^ concentra-
tions of Aldrin. However, some pathological effects appear in 
the haemocytes after 48 hours following the treatment by 0.5^. 
Such haemocytes only show abnormal vacuolization in only a few 
cells but as a whole the haemocytes appear normal (Plate XI, 
Fig. A). Some pathological effects are observed in haemocytes 
after 48 hours following the treatment by 1.0^ Aldrin. But most 
of the plasmatocytes appear fusiform (Plate XI, Fig. B). In 
other respects, the haemocytes apparently remain healthy. The 
blood smears of treated adults by 1.5^ Aldrin indicate occasional 
changes in the shape of haemocytes. Besides, there is abnormal 
vacuolization in many haemocytes especially in plasmatocytes. 
Occasionally, 1 or 2 nuclei of the cells are found pushed to>/ards 
the periphery of the cells (Plate XI, Fig. C). 
Following 72 hours after the treatment with 0.25^ J, 0.5^, 
l.C^ and 1.5^ of Aldrin solutions, there are no significant 
pathological damages in the haemocytes. However, 2% Aldrin 
causes higher degree of pathological deterioration in the haemocytes 
than those of the lower concentrations. 
The contact effect of 2.0^ Aldrin is seen within 24 hours 
following the treatment when many cells especially plasmatocytes 
become vacuolized and fusiform with irregular cell boundary in 
some cells (Plate XI, Fig. D). There is a tendency in cytoplasm 
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to be structureless and full of abnormal vacuolization. 
However, the oenocytoids ar@ unaffected contrary to the 
effect of 2% Dipterex. The granular haemocytes remain 
unchanged. After 48 hours, about 25^ hasmocytes remain 
normal whereas the rest of the haemocytes do not possess 
distinct cytoplasmic structure. Their cell membranes 
become indistinct and there is an increase of abnormal 
vacuolization. Some of the oenocytoids also show large 
nucleus as compared to their size in normal cells. Some of 
these cells change their shape as well. Fragmentation of 
nuclei is also observed in a fevr cells (Plate XI, Fig. E). 
Ifeximum pathological conditions of the haemocytes is seen 
after 72 hours. At this stage, the plasma shows coagulation 
and destruction of many other types of cells alongwith adipo-
haemocytes. The nuclei of most of the plasmatocytes and 
prohaemocytes are destroyed by either fragmentation or expulsion 
from the cells (Plate X , Fig. F). Mitotic fig^ lres are not 
observed at that stage. However, on the whole, the effect of 
2.0^ Aldrin on haemocytes is pathologically less severe than 
those of 2.0^ of Dipterex. 
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D. CINGULATUS RELATED TO AGE AND REPRODUCTION 
The determination of free amino acids in the haemolymph 
of 2.* cingulatus has been studied both in the 5th instar nymphs 
and adults. Since sex-wise sampling of 5th instar nymph is 
apparently not possible, therefore, haemolymph (blood) has been 
pooled from several thousands of sexually mixed stock for each 
determination. Further, the age of all the 5th instar nymphs 
is 6-days from the last moult. In case of 2-days old adults 
also, sexually mixed stock has been used to get blood pool. 
But in the age groups of 6 and 8 days respectively blood has 
been collected from males and females separately. 
The chromatograms of standard amino acids including 
ten essential and others have been prepared for comparison 
with that of the separated amino acids from the haemolymph 
sample. The essential amino acids are arginine, histidine, 
leucine, isoleucine, lysine ,imethionine, phenylalanine, tryp-
tophan, threonine and valine. The other amino acids are alanine, 
asparagine, aspartic acid, alpha aminobutyric acid, cystine, 
cysteine, citruiline, glutamine, glutamic acid, glycine, 
ornithine, proline, serine, tyrosine and hydroxyproline. In 
these, asparagine and glutamine are respective amides of 
aspartic acid and glutamic acid. These amxino acids have been 
obtained from B.D.H. London as pure products for chroma to gr::phy. 
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In the mixed blood of 5th instar nymphs, serine, 
hydroxy-proline and cystein are not separated. The rest of 
the amino acids have been separated and confirmed by comparing 
their Rf-values v;ith those of standard amino acids. Therefore, 
in this stage all the essential dietary amino acids are 
present. 
In the mixed blood of 2-day-old adults, vjithout sex 
discrimination, the distribution of free amino acids is almost 
like that of the 5th instar nymphs. However, among the essen-
tial amino acids, histidine is not present. Among other amino 
acids, glutamic acid and ornithine are a Iso absent. On the 
other hand, serine is present in the blood of these adults as 
compared to that of the 5th instar nymphs (Table 6). 
In the present controlled conditions of temperature and 
humidity, D. cingulatus females generally lay first batch of 
eggs on the 7th post-emergent day. However, the first mating 
period starts from the 3rd post-emergent day and continues up 
to 6th day in some pairs. Further, following the oviposition 
of first batch of eggs, mating again starts for the second 
reproductive cycle. In view of this fact the distribution of 
free amino acids in the haemolymph of adults has been studied 
in the pooled blood of separate sexes related to preoviposition 
stage of first batch of eggs (6-day-old females) and after the 
oviposition period (8-day-old females). The age of males has 
also been kept corresponding to those of females because males 
represent sexual behaviour of mating d\irlnj these periods. 
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Table 6. Dis t r ibut ion of free amino acids in the haemolymph of 
^' c insulatus related to age and reprod-uction. 
T T "5 th F A d u I F " ! " J I i n s t a r Kmlxed Udu l t 6-day o l d Ud u l t 8-day old 
Serial J Amino Acidsj nymphs I popula-Kbefore egg layUAfter egg l ay -
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In the haemolyraph of both sexes of D. cInsulattis 
either before or after oviposition, hydroxyproline, cysteine, 
glutamic acid and tryptophan are absent, although last amino 
acid is present in the pooled and mixed blood of the young 
adults (Table 6) whereas alanine, asparagine, cystine, 
arginine, citrulline, glutamine, glycine, leucine/isoleucine, 
proline, phenylalanine, tyrosine, threonine, and valine are 
present in the haemolymph of both males and females of all 
age groups. Thus six essential amino acids are constantly 
present in the haemolymph. These are arginine, leucine/ 
isoleucine, lysine, phenylalanine, threonine and valine. 
In the haemolymph of 6-day-old males histidine, lysine 
and ornithine are absent. The first two are essential amino 
acids. In 8-day-old males, the haemolymph does not possess 
alpha aminobutyric acid, histidine, ornithine and serine. 
The total number of amino acids which has been separated 
from the haemolymph of males is 18 including asparagine and 
glutamine v;hich are amides. 
In tho haernoly.iiph of preovipositing females (6-day-
old) aspartic acid anu alpha aminobutyric acids are absent. 
But in the haemolymph of females after the oviposition of 1st 
batch of eggs, histidine, methionine, ornithine ana serine are 
not separated. The first tv/o amino acids are the essential 
ones. Thus aspartic acid and alpha aminobutyric acid \;hich are 
r\ 
absent in the haemolymph of preovipositing females appear 
aftervrards, whereas histidine methionine, ornithine and 
serine disappear after oviposition. Therefore, the total 
nuittber of amino acids present in the haemolymph of females 
is 20 including tvro amides as observed in the haemolymph of 
males. 
From the present observations it is clear that alanine, 
asparagine, arginine, cystine, citrulline, glutamine, glycine, 
leucine or isoleucine, proline, phenylalanine, tyrosine, 
threonine, and valine are constantly present in the haemolymph 
of all age groups of adults as well as in that of 5th instar 
nymphs. These amino acids also include five of the essential 
dietary amino acids of insects i.e. arginine, leucine / isoleu-
cine, phenylalanine, threonine and valine. 
However, glutamic acid is only present in the 5th instar 
nymphs whereas tryptophan is found in the haemolymph of 5th 
instar nymphs as well as in that of mixed blood of young adults. 
Further, serine is only present in the haemolymph of adults 
upto the maturation period. Hydroxyproline and cysteine are 
not separated from the haemolymph of any stage and age group. 
The photographs of chromatograms of the amino acids 
alongwith the outline of the individual spots are given in 
plates XIII to XVIII. 
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V I I I . CHANGES IK THE__CONCENTRATION OF TOTAL PROTEINS IW THE 
HAEMOLYMPH OF D. CT.NGULATUS RELATED TO AGE, 
I-IETAHORPHOSIS AND REPRODUCTION. 
The de te rmina t ion of to. tal p r o t e i n c o n c e n t r a t i o n of 
the haemolymph of 5 th i n s t a r nymphs and a d u l t s of r e s p e c t i v e 
age groups haSo been made in the pooled blood of s e v e r a l 
thousands of i n d i v i d u a l s . 
In a d u l t s , the de t e rmina t ion of haemolymph p r o t e i n s 
has been done up to a per iod of 8-days from t h e i r emergence 
a t i n t e r v a l s of tvro days because l a r g e number of a d u l t s to 
pool blood i s not a v a i l a b l e due to the normal h ighe r m o r t a l i t y 
in the advanced age g roups . 
In the 6 th i n s t a r nymphs of D. c i n g u l a t u s which have 
j u s t moulted from the 4 t h i n s t a r the t o t a l p r o t e i n concen t ra -
t i o n of the haemolymph i s 5.964 g/lOO ml haemolymph (Table 7 ) . 
La t e r , t he re i s no f u r t h e r s y n t h e s i s of p r o t e i n s and the con-
c e n t r a t i o n f a l l s in t h r e e days old 5 th i n s t a r nymphs which have 
only 2.400 g/lOO ml haemolymph. This value i s s i g n i f i c a n t l y 
lower than t h a t of newly moulted nymphs. T h e r e a f t e r , f u r t h e r 
syn thes i s of p r o t e i n s t akes p lace and four days old nymphs have 
again a s i g n i f i c a n t l y h igh c o n c e n t r a t i o n . However, t h i s con-
c e n t r a t i o n i s lower than the value of the nevjly moulted nymphs 
(Table 7 ) . I t i s aga in followed by a s i g n i f i c a n t f a l l v/hich 
Table 7. Total proteins concentration in the haemolymph of 
5th instar nymphs and adults of D. cinsulatus 
related to age. 
Age 
1 V Haemolymph P r o t e i n s (g/lOO ml haemolymph) 
^ (Days) I " 1 
55 th i n s t a r nymphs 5 yhle Female 
0 6 .963+0.012083 7 .688+0.003873 5 .325+0 .001816 








4 .700 + 0.001264 10.613 + 0.004358 10.163 + 0.024899 
2.400 + 0.001760 
5.598 + O.QiiOOO 5.288 + 0.002720 16.750 + 0.012845 
5.100 + 0.010285 
5.175 + 0.001584 4.313 + O.OO2O14 4.Cl3 + 0.031824 
5.213 + 0.002810 2 .850 + O.OC2O73 
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remains continued till the time of metamorphosis. Thus at the 
time of metamorphosis or last moulting period, the total 
protein concentration of the haemolymph of the nymphs is signi-
ficantly lower than those njTnphs which have freshly moulted 
from the 4th instar (Figure 6). 
The newly emerged females have considerable amount of 
haemolymph proteins but the concentration is significantly 
lov;er than that of the newly emerged males. Although, the 
concentration of haemolymph proteins of newly emerged adults 
both females and males is higher than that of the metamorphosing 
nymphs, it is much higher in the males (Table 7). Within two 
days following emergence in both sexes, haemolymph proteins 
significantly increase and a peak of maximal concentration 
occurs in males. However, in females, maximum concentration of 
haemolymph proteins occurs in four days old age group during the 
first reproductive cycle. Although, in both sexes, there is a 
sharp fal]. in the concentration of haemolymph proteins following 
the respective peaks, the decrease is more significant in 
females than in males. Further in females, the fall continues 
upto the 8th post-emergent day which corresponds to the post-
oviposition period of the first reproductive cycle at the present 
controlled temperature and humidity. On the contrary, in males 
there is a slight but significant rise after the 6th day. All 
values of protein concentrations between the haemolymph of males 
and females of the same age are statistically significant. 
Further, the values of the samples of different age groups of 
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statistically significant. The detailed data of these determi-
nations are given in the appendix tables 25 to 36. 
From the present observations on D. cingulatus, it is 
concluded that as compared to the last nymphal instar, in the 
first reproductive cycle of the adults changes in the concentra-
tions of total proteins of the haemolymph follow opposite 
pattern (Figu,re 6). The highest value of total protein concen-
tration of the haemolymph in females is higher than that of 
the males. On the other hand, in the 8-day old females, the 
concentration of total proteins of the haemolymph becomes 
almost half of that of males of the corresponding age. Hovrever, 
in both sexes, the values of proteins are significantly lower 
in the post oviposition stage (8-day-old) than the initial 
values in the newly emerged adults. In the 5th instar nymphs, 
protein concentrations generally remain significantly lower 
than those of the adults. 
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^'^• CMHGES IN THE COMCENTRATION OF HAEMOLYMPH CHQLEBTEROL IN 
D. CIKGULATUS RELATED TO AGE, I4BTAM0RPH0SIS 
AND REPRODUCTION. 
The c h o l e s t e r o l concen t r a t i on of the haemolymph of 
5,* c i n g u l a t u s has been q u a n t i t a t i v e l y determined in the pooled 
blood from s e v e r a l thousands of i n d i v i d u a l s of 5 th i n s t a r 
nymphs and a d u l t s of each sex of d i f f e r e n t age groups . From 
each pooled s tock , the c h o l e s t e r o l de t e rmina t ions have been 
made by tx-/o s epa ra t e methods as descr ibed b e f o r e . Although 
Bloor ' • e_t al_. method i s l e s s s e n s i t i v e than t h a t of 
Z a l t i k i a ejt a_l_. , i t has a l s o been employed to determine the 
c h o l e s t e r o l c o n c e n t r a t i o n in the a d u l t D. cin(3;ulatus for 
comparison with e a r l i e r da ta on o t h e r spec i e s based on t h i s 
method. The c h o l e s t e r o l c o n c e n t r a t i o n of s epa ra t e haemolymph 
of each sex of D. c i n g u l a t u s has been d a i l y s tud ied upto 7 days 
following the emergence to compare with the c o n c e n t r a t i o n s of 
haemolymph p r o t e i n s during the f i r s t r ep roduc t i ve c y c l e . The 
d e t a i l e d data of these de t e rmina t ions a re given in the appendix 
t a b l e s 37 to 5 8 . The mean va lues of each group i s mentioned 
in Tables 8 and 9. 
In the 5 th i n s t a r nymphs vrhich have f r e s h l y moulted 
from the l a s t i n s t a r , the c o n c e n t r a t i o n of haemolymph c h o l e s t e r o l 
i s h ighes t for t h i s i n s t a r p e r i o d . In c o n t r a s t to the decrease 
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Table 8. Cholesterol concentration in the haemolymph of 
adult D. cingj-glatus (By the method of Bloor et al.) 
1 
I Haemolymph cholesterol (mg/lOO ml) 
Age (Days)} 
I " 1 
5 • Male 5 Female 
1 31.92 40.47 
2 23.94 40.47 
3 37.62 52.44 
4 46.70 61.47 
5 37.62 40.47 
6 . 31.82 31.92 
7 33.06 26.22 
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Table 9, Cholesterol concentration in the haemolymph of 
5th instar nymphs and adults of D. cingulatus 
(By the method of Zaltikla et al.) 
[ 
Age I Haemolymph c h o l e s t e r o l (mg/lOO ml) 
1 J 1 
Day I 5 th i n s t a r nymph 5 lykle I Female 
5 I 5 
0 90.0 31.1 33.9 
1 78.0 29.4 24.2 

















in haemolymph proteins the cholesterol level of the blood 
sharply falls down within two days. But, like the concentra-
tion of haemolymph proteins, that of cholesterol is lowest 
in three days old nymphs having almost one third level to 
that of newly moulted 5th instar nymphs. It is followed by 
further synthesis of cholesterol but there are fluctuations 
in concentrations till before the time of last moulting and 
metamorphosis (Figure 7). Such fluctuations do not occur in 
total protein concentrations of the haemolymph of nymphs of 
the corresponding age. However, the pre-metamorphosing nymphs 
have much higher level of haemolymph cholesterol than that of 
3-day-old nymphs. 
In the newly emerged adults, cholesterol level of the 
haemolymph is much lower than that of the pre-metamorphosing 
nymphs and there is no appreciable difference between the 
concentrations of males and females. It thus indicates that 
there is further decrease in cholesterol level of the blood 
during the process of metamorphosis. This is in contrast to 
the proteins concentrations of the haemolymph. In both the 
sexes, there is further fall in cholesterol level during the 
next 24 ho\;rs. On the other hand, proteins level of the 
haemolymph in both sexes rises after the emergence of the 
adults. The cholesterol level of the'haemolymph after its 
initial fall in the adults, steadily rises in both sexes, on 
the subsequent days reaching to the maximum level in both 
males and females on the 4th post, emergent day (Figures 7 and 8), 
&v 
Figure 7 
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However, the maximum concentration in females i s higher than 
that of the males. Further , the newly moulted 5th i n s t a r 
nymphs have the higher concentrat ion of haemolymph choles te ro l 
as compared to the adu l t s . I t i s a lso c lear tha t the 
choles terol level in the pre-metamorphosing nymphs i s as high 
as the peak leve l s of a d u l t s . Thereafter, the choles tero l 
concentration s teadi ly f a l l s in the haemolymph of both sexes 
up to 6th post-emergent day. However, in males there i s 
further Increase in concentrat ion, hut in females there i s no 
change. Similar trend of changes in the l eve l of haemolymph 
cholesterol of adult D. clngulatus occurs by using the method 
of Bloor e_t al^. In the haemolymph of females, the maximum 
concentration of both prote ins and that of choles tero l occurs 
on the 4th post-emergent day, whereas in the male haemolymph 
maximum prote ins concentration occurs e a r l i e r . 
As compared to the ra t e of increase in the haemolymph 
proteins in females a f te r emergence tha t of choles terol in the 
same sex i s proport ionately l e s s pronounced (Figures 6 to 8 ) . 
However, females and males of the corresponding age indica te 
metabolic requirement of t h i s substance for the maturation of 
the i r gonads. 
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X. DISCUSSION 
In adult Dysdercus cingulatus different types of 
haemocytes have been studied in both males and females from 
the time of their emergence to twelve days old age in order 
to obtain all the variations of haemocytes during this 
period which includesatleast two reproductive cycles. Thus 
the differentiation of haemocytes during this period may be 
fully appreciated. The identification and classification of 
different haemocytes have been done on the basis of the stain-
ing reactions of these cells. The prohaemocytes observed in 
this species are characteristically the same as described 
leucocytes, proleucocytes or prohaemocytes of other insects. 
In Rhodnius prolixus, such cells are called proleucocytes by 
Wigglesworth (1933 and 1955). Itoereas, Jones (l965) in the 
same species labelled these cells as prohaemocytes. The 
latter terpiinology is appropriate to the function of these 
cells. It is generally kno-vm that these cells which are 
characterized by their small size and by scanty cytoplasm in 
relation to the size of the nucleus are transitional forms 
which give rise to other haemocytes. Thus these cells are 
not true leucocytes comparable to those of the vertebrate 
blood. It is for this reason that in D. cingulatus the term 
leucocyte has been avoided and prohaemocyte has been used for 
these small and transitional haemocytes. 
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The plasmatocytes of D. cinsulatus are not so variable 
in shape as in many lepidoptera including Prodenia eridania 
(Yeager, 1945). These cells are the polymorphs of limited 
range. Although these cells are phagocytic in function also, 
they cannot be solely regarded as phagocytes or amoebocytes as 
described in R. prolixus by Wigglesworth (1955). The facts 
that such cells have considerable cytoplasm than the 
prohaemocytes and cytoplasm is proportionately greater in 
volume than the nucleus, are in favour of calling them plasma-
tocytes. Jones (1965) has also used this terminology in 
?:• prolixus. In other orders of insects as well, many previous 
workers have maintained this terminology for the polymorphic 
haemocytes which show eosinophlic cytoplasm and basophilic 
nuclei. All plasmatocytes cannot be solely responsible for 
phagocytic action because this action involves the formation 
of pseudopodial extensions and' it is only possible by irregular 
cells. Hence, phagocytes or amoebocytes in R. prolixus as 
labelled by VJigglesworth (l965) are one of the categories of 
plasmatocytes in D. cingulatus. The spherical, ovoid or 
fusiform plasmatocytes have almost constant shape and pseudopo-
dial formation is not evident in these cells. 
I^ ^' cingulatus, the haemocytes containing fatty 
inclusions in the cytoplasm are quite abundant especially in 
the young adults. These fatty inclusions form small to large 
spherules which are characteristically stained to Sudan Black-U. 
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Such cells have not been observed in many insects studied so 
far. Although both Wigglesworth (1955) and Jones (l965) have 
observed such cells in R. prolixus. The former author called 
these cells adipoleucocytes or lipocytes whereas, latter 
named them adipohaemocytes. However, the terminology used by 
Wigglesworth cannot be maintained for such cells in insects 
because of their dissimilarity with the leucocytes of the 
vertebrate blood either in form or in function. The term used 
as adipohaemocytes for such cells is more appropriate. Thus 
the adipohaemocytes in R. prolixus as used by Jones (1965) are 
similar to the adipohaemocytes of D. cingulatus. The abundance 
of such cells in D. cingulatus is due to the nature of food 
which has large concentration of lipids. Haemocytes containing 
wax deposits in the cytoplasm have also been found in the 
homopterous coccid, Pulvinaria (Poisson and Pesson, 1939). 
Thus these haemocytes store lipid contents of the body. From 
the functional point of viev/, it may be regarded that adipo-
haemocytes are from the plasmatocytes which have mostly 
spherical shape and absorb the lipids from the haemolymph for 
storage, although such cells may also synthesize their own 
lipids during the intermediary metabolism. 
The oenocytoids of D. cingulatus are characteristically 
the same type of cells v;hich have been characterized by their 
homogenous, non-granular and thick cytoplasm. The nuclei of 
these cells are mostly eccentric in position. However, as 
compared to the oenocytoids of R. prolix-us (Jones, 1965) 
these cells have never been found to contain more than one 
nucleus in each cell. Further, the oenocytoids of 
5.' cingulatus are always scattered singly and not seen in 
clusters unlike those of R. prolixus. Since such cells make 
distinct difference in their staining reaction in comparison 
to other types of ha^mocytes, i.e. both nucleus and cytoplasm 
may not be distinguished by their basophilic character, 
therefore, these cells may not be regarded as one of the 
forms of the plasmatocytes as Wigglesworth (1956) maintained 
in R. prolixus. As regards their similarity and origin from 
the oenocytes, nothing is knovm.. However, the term oenocytoids 
may only be taken as arbitrary terminology for such cells. 
Although they resemble with the oenocytes which are ectodermal 
in origin, the terminology of these cells must be found to 
satisfy their conditions as haemocytes which are mesodermal 
in origin. 
The granular haemocytes of D. cingulatus are distinctly 
different from the polymorphic plasmatocytes because the 
cytoplasm of these cells is weakly eosinophilic in contrast to 
the plasmatocytes. Further, these cells are more fragile than 
the plasmatocytes. The cytoplasmic inclusions are distinct 
basophilic granules. Such cells also differ from the oenocytoids 
of D. cingulatus in staining reaction and characteristically 
appear like those granular cells vrhich have been described in 
K. prolixus (Jones, 1965) and in Prodenia eridania larvae 
(Yeager, 1945). 
Fro.-n the present observations on D. cingulatus^ it is 
clear that the haemocytes of this species, both in iiales and 
females have fewer variants than in the caterpillars of 
lepidoptera especially that of Prodenia eridania (Yeager, 
1945). The five types of haemocytes of D. cinsulatus are 
similar to those of blood sucking heteroptera i.e R. prolixus 
(Wigglesworth, 1955; Jones, 1965). But Le Blanc (l97l) could 
not observe the fat containing haemocytes by either phase 
contrast microscopy or by electron microscopy in R. prolixus. 
However, the plasmatocytes of D. cingulatus may further be 
divided in various types according to their variations in 
shape and size, if these are made criteria like those of 
Yeager (l945) in Prodenia eridania. In general the haemolymph 
of this phytophagous and sap-sucking hemipterous species has 
less Variable forms of haemocytes than the phytophagous cater-
pillars of lepidoptera. 5\irther, since the present observations 
on the haemocytes of D. cingulatus is the first account of sap-
sucking heteroptera, therefore,in this respect at the present 
stage a generalization cannot be made on the heteropterous and 
phytophagous bugs. 
In D. cingulatus, the high THC in the early part of 
6th instar nymphal life may be related to the high pace of 
growth during this period. It is followed by a period of 
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slow growth and utilization of the metabolites for laying 
down the iaaginal cuticle. Therefore, low THC is related 
with the process of moulting and metamorphosis. It may also 
be related with low metabolic processes or utilization of 
reserve material as well as degeneration of the nymphal 
tissues to provide imaginal structures. It is also likely 
that there is an increase in the blood volume without haemocyte 
multiplication towards the latter half of the instar. Such 
a possibility has been reported in Periplaneta americana 
(Viheeler, 1963; Yeager and I-fu.nson, 1950) and in Sarcophaga 
bullata (fones, 1956). The fall in TIIC at the time of meta-
morphosis is known both in hemimetabolous and holometabolous 
insects, such as Rhodnius prolixus (Jones, 1964), Locusta 
migratoria (Webley, 1951), Anagasta, kuhniella (Arnold, 1952a), 
Bombyx mori (Nittono, i960) and Galleria mellonella (Jones, 
1967). 
It is interesting to observe that in D. cingulatus, 
the largest number of haemocytes occurs during the develop-
mental stages than in adults. In this respect the haemocytes 
pattern of D. cingulatus resembles that of holometabolous 
insects studied so far. Further, in D. cingulatus females 
generally have higher THC than that of males during the 
12-days period following emergence. It may be due to the 
large size of the females than the males which may account 
for more colls. Similarly in Ilalys dentata (Bahadur and 
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Pathak, 1971), 1-kntis and Amel.es (Arvy e t a l . , 1949) THC 
i s higher in the females than the males. However, in 
Periplaneta americana (Smith, 1938; lAlheeler, 1963) and 
Locusta migratoria (Wehley, 1951), males have higher number of 
haemocytes than the females. Unlike Bombyx mori and Anagasta 
kiihniella, in D. cingulatus the THC increases further in the 
adul ts a f t e r emergence. The peaks of THC during the p re -
oviposi t ion period in the female D. cingulatus indicate the 
changes in the haemocytes in r e l a t i o n to t h e mattiration of 
the ovar ies . This may again be accounted e i the r by the 
reduction in the blood volumo which may occvir during the 
maturation of the ovaries or due to the increased p r o l i f e r a -
t ion of the haemocytes. The l a t t e r p o s s i b i l i t y i s expected to 
be re la ted with a general increase in growth during the 
maturation of the ovar ies . Similar ly , THC peaks in the 
adul ts are re la ted with premating periods in the male. These 
changes in males may also be due to the same reasons as for 
females. The average TIIC of males and females of D. cingulatus 
and those of 5th ins ta r nymphs do not increase beyond 
10,000 cells/mmS. 
The present data on the DHC in adul t D. cingulatus 
indicate sexual differences v/ith regard to the percentage 
of plasmatocytes and adipohaemocytes. The increasing percen-
tage of plasmatocytes in both sexes suggests t he i r necess i ty 
to the adul t s of advancing age. This may be due to the fact 
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that plasmatocytes play greater role in the metabolisni of 
the individuals. On the other hand, the decrease in the 
percentage of adipohaemocytes with respect to the advancing 
age from the time of emergence may he regarded as utilization 
of the contents of these cells by the adult either for the 
maturation of the gonads or in the cataholic activity. This 
is particularly important in case of fema.les, although these 
have lower percentage of adipohaemocytes at the time of 
emergence. It may be eiiplained that lower percentage of 
adipohaemocytes in the nev/ly emerged females may be due to 
their utilization in the maturation of the ovaries v/hich may 
begin earlier i.e. in the last nymphal instar. 
As regards other types of haemocytes, there is no 
particular trend either with respect to fall or increase in 
number during their 12-day life. Comparing the data with the 
total haemocyte counts (TKC) of D.. cingulatus adults, it is 
concluded that a decrease in the THC of the older adults is 
mainly due to the reduction in the number of adipohaemocytes 
as well as in that of other haemocytes. However, the increase 
in the number of plasmatocytes is generally an important 
factor which makes the bulk of haemocytes in the older adults. 
•^ Khodnius prolixus also there is an increase in 
the percentage of plasmatocytes and decrease in that of 
granulocytes after emergence (Jones, 1967). But the changes 
in the percentage of adipohaemocytes are not recorded. 
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Although the changes in the percentage of different haemocytes 
have been observed in larval and pupal stages of 
Iie£tiG.2i§Ilga. decemlineata (Arvy et al. , 1948), in different 
stages of Prodenia eridania (Yeager, 1945), Anagasta MkSiella 
(Arnold, 1952(^ and Bombyx mori (Nittono, i960), no clear trend 
occurs in the variations of the haemocytes number in adult 
life of these insects. Therefore, the present data on 
R' cingulatus regarding the changes in the percentage of 
plasmatocytes and adipohaemocytes are significant with regard 
to age and reproduction of this species. 
The application of different concentrations of the 
active ingredient of Dipterex (Trichlorfon) on the prothoracic 
tergurn of D. cingulatus adults causes pathological damages to 
all types of the haemocytes circulating in the haemolyinph. 
The data clearly indicate that lovjer concentrations (0,25^ a, 
0.5fi and l.Of,) have less degree of damages in haemocytes than 
that of the higher concentrations (l.S^ a and 2.C>C) over a 
period of 72 hours following the application. Further, the 
sequence of damage caused by lowest to highest concentrations 
of Dipterex is graded in nature. The most sensitive haemocytes 
to this poison are bhe adipohaemocytes and granular haemocytes 
respectively. However, the oenocytoids appear to have much 
resistance to the effect of this poison because of their 
thickness and consequently they are less fragile in nature. 
But these cells are also destroyed by the effect of 2f" Dipterex 
in about 72 hours. 
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It is interesting to note that although, all other 
types of cells are completely broken down "by the effect of 
2$ Dipterex over a period of 72 hours, sone of the plasmato-
cytes appear healthy. It mB.j be possible that since plasma-
tocytes are phagocytic cells and they can resist -i^o thej toxic 
substances, therefore,a smaller) percentage of plasmatocytes 
may recover before complete death ensues. The phagocytic 
cells are known to serve as resistant to foreign materials of 
the blood including the microorganisms. 
It is clear that in contrast to the organophosphorus 
compound i.e. Dipterex, the chlorinated hydrocarbon i.e. Aldrin 
is less effective to cause pathological damages to the 
haemocytes. The maximum damages caused by the application of 
2% Aldrin are much less than those of 2^ Dipterex. The 
oenocytoids remain unaffected even by the effect of 2.$ concen-
tration of Aldrin. 
As regards the mode of action of Dipterex and Aldrin 
on the haemocytes of D. cingulatus, it is concluded that their 
topical application leads to their penetration through the 
intertegumental membrane into the circulating haemolymph whereby 
the haemocytes come in contact with the chemical. However, the 
penetrating capacity of the tv/o poisons differs markedly. 
Further,it suggests that the penetration of Dipterex into the 
haemolyniph is more significant because the damages of the 
haemocytes of insects treated with this insecticide are more 
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graded than those of Aldrin treated insects. The present 
observation is therefore in contrast to that of Gerolt 
(1971) who believes that penetration of the insecticides 
through the integument into the haemolymph does not take 
place at significant rate. However, Reddy and Kaidu (1967) 
believe that the insecticide topically applied on the body 
routes to the site of action through the haemolymph after 
dilution. The contact effect of insecticides through the 
central nervous system may lead to the pharmacological and 
symptoffiic changes in the behaviour of the insects. Hov/ever, 
the entry of the insecticide through the sense organs and 
its effect on the neuromuscular system cannot explain the 
pathological changes in the haemocytes. 
The pathological changes in the haemocytes of 
p. cinsulatus can be explained by the fact that poisons react 
with cellular content, resulting in the precipitation of the 
cytoplasmic material and raakinf; the cells fragile and finally 
those fragile cells undergo destruction. In mammals, especially 
in human beings, toxicity of certain drugs and narcotics is 
v/ell knovfli on the cells of liver and erythrocytes which become 
fragile and their haemoglobin passes out of the cells. The 
erythrocytes are then lacked (Hou^ay et al. , 1955). In 
grasshopper, Calliptamus italicus haemocytes show enlarge-
ment after arsenite ingestion (Tareeva and Nenjukov, 1931). 
Shull et al. (1932) observe tlie effect of 34 organic compounds 
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o^ Periplaneta orlentalls haemocytes. They observec changes 
in shape of the colls, plasma coagulation, crystal formation, 
reduction In haemolymph volume and cytoplasmic bulgings after 
the insects ' are treated i-ath carhondisulphide, pyridine and 
ammonia. In Locusta migratoria ingestion of sodium arsenite 
and sodium silicofluoride solutions causet destruction of 
blood cells (Pilat, 1935). Yeager and i'lunson (l942) also 
observe', change in shape, distortion, disintegration, apparent 
loss of Cell number, increase of mitotic rate and several 
other cytological as well as nuclear changes in the blood 
cells of Prodenia eridania larvae by feeding them certain 
inorganic stomach poisons rnd some plant products. The oral 
doses of DDT and BHC cause' nuclear changes and cytolysis in 
the haemocytes of Leptinotarsa. decemlineata (Arvy et al. , 
1950). Fumigation of the larvae of Anagasta kuhniella by 
dichloroethyl ether, carbon tetrachloride and methyl bromide 
cause-- changer in shape of haemocytes and their degeneration 
(Arnold, 1952 3D). The application of carbon tetrachloride and 
ethylene trichloride to the body louse Peicuius humanus humanus 
cause, nuclear enlargement and chromatin swelling especially 
in the haemocytes, btit heavy doses cause- destruction of 
haemocytes C'lopp, 1953). The application of sublethal doses 
of chlordane causes pathological damages by the appearance of 
abnormal vacuolization and changes in shape in the haem.ocytes 
°^ Periplaneta americana (Gupta and Sutherland, l9o8). 
1) n ^. 
The present information on the pathological effects 
of insecticides (Dipterex and Aldrin) on the haemocytes of 
^' cinsulatus is the first observation on a hemipterous pest. 
Further, the data on D. cin?^ ulatus are almost in conformity 
vith the observations on Prodenia larvae (Yeager and I'>ianson, 
1942), Anagasta kuhniella (Arnold, 1952)3), Locusta migratoria 
(Pilat, 1935), Periplaneta orientalis (Shull et al. , 1932), 
Periplaneta americana (Gupta and Sutherland, 1968) Pedicuius 
humanus humanus (Hopp , 1953) and Calliptamus italicus 
(Tareeva and Nenjukov, 1931). 
In the haemolymph of 5th instar nymphs of 6 day old 
as well as in that of 2-day old adults, tryptophan is present 
whereas, in the older adults, it is absent. It, therefore, 
indicates that tryptophan has been utilized in the pigmentation 
of the cuticle of the adults which may be completed a few 
days after their emergence. This can be supported by the 
fact that tryptophan is a precursor of pigments in insects 
(House, 1949). 
Hov;ever, the amides glutamine and asparagine are absent 
in the haemolymph of Oncopeltus Sp. (Pratt, 1950), Bolostoma sp. 
(Pant and Agrawal, 19G4) and Il^ z^us persicae (Strong, 1964), 
the only hemipterous insects studied so far. 
In 8-day old males D. cingulatus, alpha-aminobvLtyric 
acid and serine disappear whereas, in females of the correspond-
ing ago (after oviposition) histidinc, methionine, ornithine 
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and serine are not spotted out. 
Aspartic acid and alpha-aminobutyric acid appear in the 
haemolymph of females D. cingulatus after ovlposition of the 
first batch of eggs. In Melanoplus sanguinipes (Roberts and 
Smith, l97l) aspartic acid also increases quantitatively at old 
age and it is perhaps due to increased hydrolysis of asparaglne. 
However, in the haemolymph of male D. cingulatus, aspartic acid 
appears earlier than in females. It is found that alpha -
aminobutyric acid does not take part in protein formation in 
insects but it appears sporadically in some insects (Chen, 
1966). Therefore, the presence of this amino acid in the 
haemolymph of female D. cingulatus after oviposition and in 
6-day old males may also be an incidental occurrence. 
The disappearance of methionine from the haemolymph of 
female D. cingulatus after oviposition indicates that this 
amino acid is either transformed to developing eggs or it has 
taken part in protein metabolism. It may be supported by the 
fact that methionine has been reported from the eggs of several 
insects (Lea et al., 1966; Dimond et al., 1956 and Vanderzant, 
1963) and it has the ability to promote egg production 
(Vanderzant, 1963). Since an increase in cystine/cysteine 
takes place with a decline in methionine because there is a 
transfer of sulphur betv;een these compounds (Chen, 1966), so 
it is also likely that the disappearance of methionine from 
the haemolymph of female D. cingulatus after oviposition is 
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due to i t s conversion into cystine v/hich i s alv;ays present 
in the female haetnolymph. 
The absence of serine in the haemolymph of both males 
and females of D. cinsulatug of advanced age as well as in the 
6th Instar nymphs of 6-day age, may he due to e i the r i t s 
fa i lure of absorption or metabolism. In Schistocerca greparia 
(Kilby and Nevi l le , 1957) and in Drosophila (Crone-Gloor, 
1959) the glutamic acid i s reported to be convert into i t s 
amide glutamine that also serves as amino group donor in 
transamination. According to Kilby and Meville (1967), the 
conversion of glutamic acid to glutamine takes place in fat 
body, malpighian tubules and, in midgut wall of Schistocerca 
gregaria . Thus the absence of glutamic acid from the haemolymph 
of D. cingulatus may be due to i t s conversion into glutamine 
whica i s alviays present in both males and females before and 
af ter the f i r s t reproductive cycle. 
C i t ru l l i ne i s general ly not common among insect 
haeaiolymph. I t i s reported in the haemolyaph of only a few 
insects (Pant and Agrawal, 1964; Vfeng and Moeller, 1970 and 
Roberts and Smith, l 9 7 l ) . I t s t races a r e , however, present 
in the haemolymph of both males and females of D. cingulatus 
before and a f te r the f i r s t reproductive cycle . 
Although orni thine does not take par t in the prote in 
formation (Chen, 196G), i t has been found in the haexTiolyaph of 
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6-day-old females. It is, however, absent in the haemolyinph 
of other hemipterous insects studied so far. 
From the present observations on D. cingnlatus, it is 
concluded that the haemolyaph of this insect contains all the 
essential amino acids which are important for higher animals-
Further, there appears to he little difference in amino acid 
pattern of the haemolymph between sexes. However in females, 
amino acid pattern of the haemolymph slightly differs before 
and after the first reproductive cycle. 
It is interesting to note that both haemolymph proteins 
and cholesterol show a lowest level in the middle of the 5th 
instar nymphal period and then there is a sharp increase. 
Such a trend in the concentration of these metabolites of the 
haemolymph is inversely related to the increase in the THC 
of the 5th instar period. On the other hand, in the larval 
instar of Phormia regina, the haemolymph proteins have a peak 
of concentration during the inter instar period which falls 
before pupation (Chen and Levenboolc, 1966). It is further 
clear that in D. cingulatus at the time of moulting or meta-
morphosis these metabolites are higher in concentration than 
during the inter instar period. It may be that the stored 
proteins and the cholesterol of the haemiolymph are transported 
and utilized rapidly for the growth and formation of the cuticle 
much earlier than the next moulting and then further reinforce-
ment occurs by synthesis. However, synthesis of protein 
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continues to increase a f t e r the emergence of adu l t s but 
cholesterol of the haemolymph i n i t i a l l y f a l l s a f t e r emergence. 
I t indicates tha t cholesterol of the haeraoljnriph i s e i t he r 
u t i l i z e d for other metabolic a c t i v i t i e s or i t i s transformed 
into other l i p i d s . Thus free cholesterol i s ne i ther avai lable 
in the blood, nor i t i s stored as such in the adipohaemocytes 
vrhich decrease in number a f t e r emergence. Later , choles terol 
synthesis progressively increases and then f a l l s . I t may be 
u t i l i z e d in the maturation of the gonads and espec ia l ly tha t 
of ovaries in females. The u t i l i z a t i o n of haemolymph prote ins 
for the maturation of the ovaries has already been described 
by Prabhu and Nayar ( l97l) in D. cingulatu.s. Further Salama 
(l964) in Pyrrhocoris apterus observes an increase in haemolymph 
proteins a f te r emergence and then decrease a t the end of f i r s t 
reproductive cycle. Later, Emmerich (l970) also confirms the 
u t i l i z a t i o n of haemolymph proteins during oocyte growth in 
Pyrrhocoris ap te rus . Total prote in concentration of the whole 
body of D. cingulatus also changes corresponding to the 
maturation of the adu l t s espec ia l ly tha t of females (Si fa t , 
1971). The u t i l i z a t i o n of haemolymph prote ins in the maturation 
of the ovaries can be further confirmed by the increase in the 
protein concentrations of the ovaries of D. cin-^ulatus re la ted 
to maturation (Sifa t , 1971). Edwards (1963) has observed 
decrease in oxygen consumption and prote in metabolism in the 
pupal stage of Galleria mellone11a. The decrease in oxygen 
i o p 
consumption and protein metabolism has also been related with 
the histolysis and histogenesis at the time of metamorphosis 
in Pieris rapae (Kim ct al., 1970). In the larval stages of 
Trichoplusia ni_ (Smilowitz, 1971) the haemolynph proteins 
decrease prior to moult and increase thereafter. However, in 
the pupal stages of this species a peak of maximal concentration 
of haemolymph proteins occurs before emergence (Smilowitz, 1971). 
The present relationship between the cholesterol and 
total proteins of the haemolymph of D. cingulatus in the 5th 
instar n^ /mphs and advilts is interesting and throws further 
light on the metabolic activity of these substances in a 
heteropterous bug. 
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X I . S U M M A R Y 
1. A h i s to log ica l study of the freely c i rcu la t ing 
haemocytes of adult Dysdercus cingulatus Fabr. has been 
made by using Gierasa's and Lieshnian's s t a i n s . 
2 . Different types of haemocytes are ident i f ied by 
observing the stained blood smears of both sexes covering 
a period of two weeks from the time of t he i r emergence. 
3 . The c l a s s i f i ca t ion of d i f ferent haemocytes i s based 
on the h i s to log ica l va r ia t ions and staining reac t ions . 
The var ia t ions in size and shape are not r e l i a b l e c r i t e r i a 
for c l a s s i f i c a t i o n . 
4 . Prohaemocytes, plasmatocytes, adipohaemocytes, 
oenocytoids and granular haemocytes are the d i f ferent 
types of haemocytes of D. cingulat;u_s.. 
5 . Mitosis i s mostly seen in the prohaemocytes, plasma-
tocytes and occasionally in oenocytoids. 
6. All types of haemocytes are represented in the blood 
smears of both sexes of each age group. 
V. The t o t a l haemocyte counts (THC) of 5th i n s t a r nymphs 
and adul ts of D. cingulatus vary in each age group. 
I l l 
8. In the 5 th i n s t a r nymphs the re i s a peak of rnaximum 
number of haemocytes during the i n t e r - m o u l t per iod and 
p r i o r to the metamorphOGis the re i s a s teady f a l l in the 
THC. 
9. The THC of newly emerged females i s s i g n i f i c a n t l y 
h igher than those of males of the corresponding a g e . 
10. During the 12 pos t -emergent days in males and females 
the re a re 3 and 2 peaks of THC r e s p e c t i v e l y . In males 
these peaks a re r e l a t e d to the pre-mat lng p e r i o d s v;hereas, 
in females these occur p r i o r to l ay ing of each batch of 
eggs . 
1 1 . The percentage of prohaemocytes i s very small in 
comparison to t h a t of the p lasmatocytes and adipohaemocytes. 
12 . The oenocyto ids and g r a n u l a r haemocytes a r e a l s o 
poor ly represen ted and the percentage of oenocyto ids i s 
the lowest of a l l the c e l l s . 
1 3 . Plasmatocytes a re h i g h e s t in the newly emerged 
females than t h a t of the males of the corresponding age . 
In both sexes p lasmatocytes a re h ighe r in percen tage in 
the o l d e r a d u l t s than t h a t of newly emerged a d u l t s and 
remain high a f t e r the f i r s t r ep roduc t ive c y c l e . 
14 . In the hev/ly emerged a d u l t s , adipohaemocytes a r e 
h i g h e s t in percen tage than o t h e r c e l l s , but s i g n i f i c a n t l y 
h igher in males than females . 
m 
15. Contrary to the percentage of plasmatocytes that of 
adipohaeroocytes decreases with advancing age and becomes 
low in the older adults of both sexes especially after the 
first reproductive cycle. 
16. Mitosis, although occurs poorly in the haemocytes of 
the adults, there is a tendency of reduction in its 
percentage in the older adults. 
17. The effect of topical application of different 
concentrations (0.25?5, 0.5f!, 1.0^, 1.5j5 & a.C^) of the 
active ingredients of Dipterex and that of Aldrin has 
been studied on different haemocytes of D. cingulatus. 
18. The dilute concentrations of Dipterex i0.25fc, & 0.5^) 
cause changes in shape of the plasmatocytes, disintegration 
of adipohaemocytes and abnormal cytological changes in 
other haemocytes. 
19. Higher concentrations of Dipterex affect more severely 
to all types of haemocytes. Adipohaemocytes and granular 
haemocytes are more readily damaged and disintegrate than 
other cells. 
20. Oenocytoids are generally more resistant to even higher 
concenti'ations of Dipterex. Ilovever, 2.0;^ - Dipterex destroys 
all the haemocytes. 
1|5 
o 
21. The maximum pathological damage caused by 2.C^ 
Dlpterex is in the form of disintegration or fragmentation 
of nuclei and cellular breakdovm. 
22. However, some plasmatocytes appear to recover from 
the toxic effect of 2.0^ Dipterex. 
23. In contrast to Dipterex, the lower concentration of 
Aldrin has almost negligent effect on the haemocytes. 
24. a-o^ ldrin causes the maximum pathological damage to the 
haemocytes but destruction is comparatively less negligent 
than that of 2.0^ Dipterex. 
25. There is no appreciable difference in the pathological 
effects on haemocytes of males and females of JD. cingulatus. 
26. In the haemolymph of 5th instar nymphs of D. cingulatus 
all the essential dietary anino acids of insects are present, 
These are arginino, histidine, leucine/isoleucine, lysine, 
methionine, phenylalanine, tryptophan, threonine and valine 
in addition to 12 other amino acids. 
27. In the haemolymph of both sexes of D. cingulatus either 
before or after oviposition hydroxyproline, cysteine, 
glutamic acid and tryptophan are absent although the last 
amino acid is present in the haemolymph of 2-day-old adults. 
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28. Alanine, asparagine, cystine, arginine, citrulline, 
gl-utamine, glycine, leucine/isoloucine, proline, phenylala-
nine, tyrosine, threonine and valine are throughotit present 
in the haeraolynph of both sexes. 
29. The haemolymph of male D. cingulatus has 18 amino acids 
including 7 essential amino acids (arginine, leucine/iso-
leucine, lysine, methionine, phenylalanine, threonine and 
valine. 
30. The haemolymph of female D. cingulatus has 20 amino 
acids including 8 essential amino acids (arginine, histidine 
leucine/isoleucine, lysine, methionine, phenylalanine, 
threonine and valine). 
31. Certain amino acids appear or disappear in'the older 
adults of both sexes. However, these amino acids are 
variable in each sex. 
32. In the 5th instar nymphs, concentrations of total 
proteins of the haemolymph change from the beginning to 
the end of the nymphal period. 
33. There is a lowest concentration of the haemolymph 
proteins in the middle aged nymphs and it is follbv/ed by 
an increase in the total prote^ in concentration. 
34. The metamorphosing nymphs have lower concentration of 
haemolymph proteins than that of the newly moulted 5th 
instar nymp/is. 
I Jc 
35. Newly morlted males have higher concentration of 
haemolymph proteins than that of the females of the corres-
ponding age. 
36. There is a peak concentration of haemolymph pro be ins 
in 2-day-old males and 4-day-old females respectively. 
Hovrever, the latter peak concentration is significantly 
higher than the former. 
-D-^  
37. During oviposition and just after it, haemolymph 
proteins decrease in the females. l-Jhereas, in the males 
of the corresponding age the decrease in haemolymph proteins 
is proportionately less. 
3d. The cholesterol level in the haemolymph of 5th instar 
nymphs is higher in the newly moiilted nymphs from the last 
instar. However, there is a steady fall in this concentra-
tion and 3-day-old nymphs have the lowest concentration for 
this instar. 
39. After 3-days, haemolymph cholesterol again rises up and 
its concentration fluctuates till the time of metamorphosis. 
40. In the pre-metamorphosing nynphs, the cholesterol level 
of the haemolymph is significantly h: ^ her than that of 
3-day-old 5th instar nymohs > nd about half of that of newly 
moulted nymphs. 
1J6 
41. The changes in haemolymph cholesterol level of 5th 
instar nymphs of D. clngulatus generally correspond to 
that of haemolymph proteins. 
42. In the newly emerged adults of both sexes, there is 
an initial fall in haemolymph cholesterol. But it is 
followed by steady increase. 
43. Like the haemolymph proteins, there is a maximum level 
of haemolymph cholesterol in each sex on the 4th post-
emergent day. Thereafter, there is a sharp reduction in 
this level. 
44. During the oviposition period, cholesterol level of the 
haemolymph is as low as that of the nev/ly emerged females. 
Hovrever, the males of corresponding age have higher concen-
tration as compared to the ovipositing females as well as 
the newly emerged adults. 
45. The high concentration of haemolymph cholesterol like 
that of total proteins in the pre-ovipositing females and 
males of the corresponding age indicate metabolic require-
ment of this substance for the maturation of the gonads, 
especially that of ovaries in females. 
i i r 
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Showing d i f f e r e n t types of haemocytes of D. c i n s u l a t u s . 
LEGENDS 
1, 3, 4 and 5, round prohaemocytes 
2, fusiform prohaemocyte 
7, 10, 11, round granular haemocytes 
8, and 12, ovoid granular haemocytes 













PLATE I I I 
Showing d i f f e r e n t types of haeraocytes of D. c i ngu l a tu s . 
LEGENDS 
Figures lto5. (Adipohaemocytes) 
Round (3 and 4), 
Ovoid (l) and 
Irregular (2 and 5). 
PLATE II I 
PLATS IV 
Showing different types of haemocytes of D. cingulatus. 
LEGENDS 
Figures 1 to 6, Oenocytoids, 
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PLATE IV 
PLATE V 
Photojuicrographs showing different stages of mitosis in 
different haemocytes of D. cing;ulatus. 
LEGENDS 
Prophase stage in figures 1 and 2 (plasmatocytes), 
7 (prohaeinocyte) and 12 (Oenocytoid). 
Metaphase stage in figures 8 and 9 (prohaemocytes). 
Anaphase stage in figure 3 (plasmatocyte). 
Telophase stage in figures 4, 5 and 6 (plasmatocytes) 









5 ^ « 
11 
14 
• 20U . 
PLATE V 
PLATE VI 
Photomicrographs of different types of haemocytes in 
D. cingulatus,. 
LEGENDS 
A. Prohaemocytes (pr]_ to prg ), pr]_ to pr3 in 4 days 
old female, pr4 in 4 days old male, prs in 6 days 
old female, pr5 to prg in 8 days old male, prg in 
lO days old male. 
B. Prohaemocytes (pr) and plasmatocytes (pi) in 
4 days old female. 
C. Oenocytoids (oe^ to oe]_o")? oe]_"in 3 days old laale, 
oep to oe^ in 4 days old female, oeg in 6 days old 
female, oeg in 6 days old male, oe? in 8 days 
old male, oeg to oe-,o ^ ^ 12 days old male. 
D. Plasma tocytes (pli to PI20 ?^ P^ i ^^ "^  ^^2 ^^ 
2 days old female, PI3 to pig in 4 days old female, 
plnQ to pl-iQ •^^ ^  days old male, pliq to pl-14 in 
6 days old male, pln5 and pli g in 8 days old female, 
pl-j^y to pl-io in 1*^  days old female, plgo ^^ 12 days 
old female. 

PLATE I I 
Showing d i f f e r e n t types of haemocytes of D. cingulatu^ 
LSGENDS 
Figures 1 to 13. (Plasmatocytes). 
Round (l, 2, 3, 7 and 12). 
Ovoid (6, 9 and 11) 
Fusiform (4 and 5) 
Irregular (8, lO and 13). 
PLATEJJII 
Photomicrographs of different types of haemocytes of 
5,:. cingulatus. 
LEGENDS 
A. Adipohaemocytes (ad]toad]_3_'-), ad]_ in 1. day old 
female, ad2 and adg in 4 days old male, ad4 in 
4 days old female, adg and adg in 6 days old 
female, ady and adg in 8 days old female, ado in 
10 days old female, ad-|_Q in 10 days old male , 
ad-,-, in 12 days old female. 
B. Nuclei inui and nug ) of adipohaemocytes crushed 
in smearing. 
G. Granular haemocytes (gr-]_ to grg ), gr-j_ in 4 days 
old female, gr2 in 4 days of male, gr3 in 6 days 
old female, gr^ and gr^ in lO days old female. 
D. Mitosis: prophase.( pp-]_ to pp^ ), PP]_ to ppg in 
plasmatocytes. Metaphase (mc-j_ and mcg ) in 
plasmatocytes. Anaphase (an-j_ ) in plasmatocyte 
Telophase (te]_ to te^ ), te^ and tes in plasmatocyte, 
te2 in oenocytoid, te3 and te4 in prohaemocyte. 
^^W!^ mm^^ 
1 • . . i'tooinnal vaeuolisatloa 
2 CytoplasB 
3 Cytoplasffilc balglog 
4 Cytoplasmic extension 
& Fragmented nucleus 
6 Nucleus 
7... Nuclear material abnormally shoving prophase stage 
8 •• Extrusion of nucleus or nucleus pushed towards 
periphery 
9 Bagged cytoplasm 
10 Structureless cytoplasm 
11 Scattered or tomed cytoplasm 
12 Fat globule 
13**«****« Fusiform cell 
14«.«.«ttt Flasaa fold 
15#«•••••• Slumping of oells 
PLATE NO.VIII 
% 1 
• 1 I D ' » 
1 ^ < ' < 
,1 
•v» 
, 1 ! 
^ s v« 
B • *-
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PUTE IX 
Photofmlcrographg showing important pathological ef fec ts in 









Blood smear of 
concentration, 
Blood smear of 
concentration, 
Blood smear of 
concentration, 
Blood smear of 
concentration. 
Blood smear q£ 
concentration, 
Blood smear of 
conCentraLlun, 
insect treated with 
after 24 hours. 
insect treated with 
after 48 hours. 
insect treated with 
after 72 hours. 
insect treated with 
after 24 hours. 
insect treated with 
after 48 hours. 
insect treated with 
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'uoT:i.Bj::i.uaouoo 
JO jBeuis pooxa 
'noTq.Bjq.u©ouoo 
JO J^auis pooxa 
*uoTq.Bj:q.uaouoo 
JO j'soffis pooxa 
*noT:q.Ba:^naouoo 
JO JCBams pooxa 
'uoTq.T3j;:).uaoTioo 
JO jinaias pooxa 
'noTQ.Ba:q.uaoaoo 
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"A." 
•sinoq 21; •i^J^'e 
^S*T ^%'ll^ peq-BSjq. q.oesuT 
^S*0 qP-T^ p©q.Bejq. i^oesui 
*'aofq.'Ba:q.neouoo 
jn jRams pnnxg 
* noT^ Ba:q.uaotioo 
J.0 JTiyiiiy po6tg 
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'uoTq.Bj:q.uaoaoo 
JO JBanjs poota 
'uo-iq.-ejq.-a©oTUoo 
JO dyemy poo"[y. 
^uoiq.'Bjq.uaouoo 







-JO no-p'i^Bjq^uaouoo q.u©j:9jj-5p jo noi^^Boxt^ictB x^^T^^o^ 
^%% JL(\ snq-BinHtJio 'a Jo set^ilooissBq q.nsj[©jjxp uj S!:|.oajja XBO-pSoioqc^Bd JO sadiS:}. q-uajEajj-fp ^HTWoqsisqd'eaiBojo-praoq.o-qj 
IX mmA 
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•inSBxdo:|.ito 
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•iCjaqdxJCsd spjBMoq. peqsnd x^I^i^u^ 
•jfjaqdxjed spj'BWoq. peqsnd Tsxonii *f puB 
JXSqO' P^^ uof-i^BZTXoaoBA x^HiJouqB qq.x^''^ saq.AOOuiaBH a oq. g 
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LEGENDS FORPLATE X I I I TO XVIII (CHROmTOGRAMS) 
1 . A la . 
2 . Aspa r . 
3 . Asp. A. 
4 . Arg . 
5 . o<-NHgBu 
6 . Cys . 
7 . C i t . 
8 . GuCKHg) 
9 . Glu .A. 
1 0 . Gly . 
1 1 . H i s t . 
1 2 . Leu /1 so Leu 
1 3 . Lys . 
1 4 . Kfeth. 
1 6 . O r n i . 
1 6 . P r o . 
1 7 . P h . A l . 
1 8 . S e r . 
1 9 . Tyro . 
2 0 . Tryp . 
2 1 . T h r e o . 
2 2 . V a l . 








G l u t a m i c a c i d 
Glycine 
Histidine 












Tvo diemnsional chromatogram and dlagrammetlc arrange-
ment of spots of free amino acids of the haemolytnph of 
6-day-old 6th Instar nymphs of D. clngnlatus. 
PLATE XIII 













T w dlnensional ehrosatogran and dlagraflmetle 
arrangement of spots of free amino acids of the 
Iiaenolymph of 2-day-old males and females (mixed 
population) of ]D. eingulataa> 
PLATE XIV 












Tvo dlBMHsloQAl chrooatograa and dlagraawtift. 
arrangeaent of spots of froo aaino acids of tb« 
tiaoBolynpii of 6*da7-old Bales of D* ^^ f^j^ iftfa^ f' 
li- ' 
PLATE XV 
n.Butanol Pyridine Water 
0 
Leu/ ISO- Leu 
• " / 
SOLKEMT raCNT 
Two dimensional chronategraa and diagranoatie 
arrangement of spots of free amino acids of the 
baemolymph of e-day-old females of £• cingnlatns. 
PLATE XVI 




Two dimensional chroaatogram and dlagraauaetle 
arrangement of spots of free amino adds of the 












Two dimensional ehronatograffi and dlagranmetle 
arrangeiMnt of spots of free amino acids of the 
haemolymph of 8-day-old females of ^ eingnlataa. 
A « ^ ^ 
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A P P E N D I X 
LIST OF APPEHDIX TABLES 
Tables 1 to 4 ...* Total haemocyte counts in 5th instar 
nymphs. 
Tables 5 to 11 . . . Total haemocyte co\mts in adu l t males 
and females* 
Tables 12 to 24 ..« Differential haemocyte counts in 
adult males and females. 
Tables 25 to 31 ... Total proteins concentrations of 
the haemolymph of 6th instar nymphs. 
Tables 32 to 36 .., Total proteins concentrations of the 
haemolymph of adult males and females. 
Tables 37 to 43 ... Cholesterol concentrations of the 
haemolymph of adult males and females 
(Bloor*s et al. method). 
Tables 44 to 60 ... Cholesterol concentration of the 
haemolymph of 6th instar nymphs 
(Zaltikia et al., method). 
Tables 61 to 68 ... Cholesterol concentrations of the 
haemolymph of adult males and females 
(Zaltikia et al. method). 
Determination of total free haemocyte counts (THC) in the 
6th instar nymphs and adults of D. clngulatus, related to 
age, metamorphosis and reproduction. 
Appendix Table - 1. 
5 th i n s t a r nymphs (zero age) 













Mean = 3631.8/mm'^ 
S.D- = + 1979.6 
Ill 
Appendix Table - 2 . 
5tli i n s t a r nymph (2 days o ld ) 













Mean = 964l.6/mm^ 
S.D. = + 3034.6 
IV 
Appendix Table - 3 . 
6 th i n s t a r nymph (4 days o l d ) 





























Appendix Table - 4 . 
5 th i n s t a r nymph (6 day o ld ) 













f^ean = 4066.5/mm*^ 
S.D. = + 2149.9 
VI 
Appendix Table - 5. 
Adults (Zero age) 
Wo. of 
o b s e r v a t i o n 
' I" 
• 1 Male 
vNumber of c e l l s /mm^ 
•"T" " 
1 Female 











































Appendix Table - 6, 
V// 
Adults (2 days o l d ) 
T" 
No. of I 

































^fean = 4795.5/mm3 Ifean = 6004.l/mm3 
S.D. = + 1104.2 S.D. = + 1827.8 
V/i 
Appendix Table - 7 . 






































S. .D. = 
Female 













Appendix Table - 8. 
Vlfl 











































Mean = 578l.6/mm3 Mean = 5897/mm^ 
S.D. = + 1954.1 S.D. = + 2153.9 
/x 
Appendix Table - 9. 












































xMean = 4465.3/mm3 Mean = 4595.4/mm^ 
S.D. = + 2 0 3 5 . 4 S.D. = + 2 0 4 0 . 6 
Appendix Table - 10 . 









































Mean = 4927.8/mmS Mean = 4918.4/mm'^ 
S.D. = + 2037.4 S.D. = + 1990.6 
XI 
Appendix Table - 11. 














































fean := 4993.5/mm2 
S.D. = + 2 0 9 3 . 4 
Mean = 4420.9/Kim*^ 
S.D. = + 2 9 5 9 . 4 
Xtf 
Determination of different types of free haemocyte coiants (DHC) 
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Determination of total proteins concentrations in the 
haemolymph of 6th instar nymphs and adults of 
S* cingulatus. related to age and reprod\iction. 
Appendix Table - 25. 



















Opt ica l d e n s i t y i n 
ad'tquot of 0.2 ml 
NaOII of p r o t e i n 












Haemolymph Total P r o t e i n s 
S.D. 
5.963 g/lOO ml 





P r o t e i n c o n t e n t 
cor responding to 













Appendix Table - 26. 
5th Instar nymph (l day old) 
^. _ ^ 
3 Opt i ca l d e n s i t y i n I P ro t e in con ten t 
1^ 0- o^ I a^ilquoj; of 0.2 ml 5 corresponding to 
sample j NaOH of p r o t e i n I o p t i c a l d e n s i t y 
e x t r a c t l (mg) 
1 0 .121 0.0363 
2 0.120 0.0360 
3 0.125 0.0375 
4 0.119 0.0357 
5 0.125 0.0375 
6 0.125 0.0375 
7 0.129 0.0377 
8 0.122 0.0366 
9 0.130 0.0390 
10 0.130 0.0390 
Mean = 0.124 0.0372 
Haemolymph Total P r o t e i n s 
4.650 g/lOO ml 
S.D. = + 0.036061 
X X I / 
Appendix Table - 27. 

















O p t i c a l densi 
allc^-uot of 0. 
NaOH of pro t 

















P r o t e i n conten t 
corresponding to 












I%an = 0.092 0.0277 
Ilaemolyraph Tota l P ro t e in s 
4.700 g/lOO ml 
S.D. = + 0.001264 
xyx 
Appendix Table «= 28. 



















Optical density in 
ailiiyot of 0.2 ml 































Haemolymph Tota l P ro t e in s 
= 2.400 g/100 ml 
S.D. = + 0.0017606 
XKXI 
Appendix Table - 29 . 

















Optical density in 
































^fean = 0.149 0.0446 
Haemolymph Tota l P r o t e i n s 
= 6 .598 g/100 ml 
S.D. = + 0.0110 
X X X " 
Appendix Table - 30. 


















Optical density in 
allqijot of 0.2 ml 
NaOH of protein 



























Mean = 0.134 0.0409 
Haemolymph Tota l P ro t e in 
= 5.100 g/lOO ml 
S.D. = + 0.010285 
Appendix Table - 31. 



















Optical density in 
aU-Cppt. of 0.2 ml 






























Mean = 0.138 0.0414 
Haemolymph Tota l P r o t e i n s 
= 5.175 g/lOO ml 
S.D. = + 0.001584 
Appendix Table - 32. 
XXX'V 








































d e n s i t y i n 
of 0 . 2 ml 
f p r o t e i n 
t r a c t 
Female 
0 . 1 4 8 
0 . 1 4 8 
0 . 1 3 9 
0 . 1 3 9 
0 . 1 4 0 
0 . 1 4 0 
0 . 1 4 2 
0 . 1 3 8 
0 . 1 4 0 
0 . 1 5 0 
0 . 1 4 2 
T o t a l P r o t e i n 
7 . 6 8 8 g/lOO 
i n ma le s 






Pro t e in con ten t 
corresponding to 


























Haemolymph Tota l P r o t e i n 
= 5.325 g/lOO ml 
i n females 
S.D. = + 0.001816 
Appendix Table - 3 3 . 
X y x v 













X — 1 
Opt ica l d e n s i t y i n 
a l i q u o t of 0.2 ml 
of NaOH of p r o t e i n 



























Pro t e in con ten t 
corresponding to 
























Mean = 0.283 0 .271 0.0849 0.0816 
Haemolymph Tota l P r o t e i n Haemolymph Tota l P r o t e i n 
= 10.613 g/100 ml = 10.163 g/lOO ml 
in males i n females 
S.D. = + 0.0043589 S.D. = + 0.024899 
Appendix Table - 34. 
xxxv^ 


















= 6 . 
S.D. 
O p t i c a l d e n s i t y i n 
a l i q u o t of 0 .2 ml of 
NaOH of p r o t e i n n 











0 . 1 5 1 
0 . 1 4 1 
5 Female 
0 . 4 4 0 
0 . 5 1 0 
0 . 5 1 0 
0 . 4 3 0 
0 .445 
0 .535 
0 . 5 2 0 
0 .510 
0 .435 
0 . 5 0 0 
0 . 4 8 3 
•lymph T o t a l P r o t e i n s 
288 g/lOO ml 
i n males 





P r o t e i n c o n t e n t 
c o r r e s p o n d i n g t o 























0 . 1 5 6 0 




T o t a l P r o t e i n s 
/ lOO 
i n female : 




Appendix Table - 35, 
XXXV/I 













^ a n = 






Opt ica l d e n s i t y i n 
al i(^uot of 0.2 ml of 
NaOH of p r o t e i n 






























P r o t e i n 
ml 







P r o t e i n con ten t 
corresponding to 





























Tota l P r o t e i n 
g/lOO ml 
in femal' 
D. = + 0 . 
e s 
031^24 
Appendix Table - 36 . 





















Opt ica l d e n s i t y in 
^IjLiiuoj: of 0.2 ml of 
NaOH of p r o t e i n 































P ro t e in s 
ml 









P r o t e i n con ten t 
corresponding to 





























Tota l P r o t e i n s 
g/lOO ml 
i n females 
D. = + 0 . 002073 
XXXJX 
Determination of cholesterol concentrations in the haemolymph 
of 5th instar nymphs and adults of D, cingulatus related to 
age, metamorphosis and reproduction* 
XXX'K 
Appendix Table - 37. 
Adul ts ( l - d a y o l d ) 
r 1 
5 Opt ica l d e n s i t y of I C h o l e s t e r o l c o n t e n t 
No. of I c h o l e s t e r o l in 0.06 mlji cor responding to 
s&mples 5 a l i q u o t of haemolymph I o p t i c a l d e n s i t y Cmg.) 






0 . 0 5 6 
0.C66 
0 .056 
h c h o l e s t e r o l 
" 1 
I Female 
0 . 0 7 0 
0 .072 




0 . 1 0 6 4 
0 .1064 
3 1 . 9 2 
il 
I Female 
0 . 1 3 3 0 
0 . 1 3 6 8 
0 .1349 
4 0 . 4 7 
Appendix Table - 38 . 
Adul ts (2-days o ld ) 
^ ^ 
5 Opt i ca l d e n s i t y of 5 C h o l e s t e r o l con ten t 
I c h o l e s t e r o l in 0 . (5 ml5 cor responding to 
No. of } a l i q u o t of haemolymph 5 o p t i c a l d e n s i t y (mg.) 
























Appendix Table - 39 . 
Adults (3-days o l d ) 
^ ^ 
I Op t i ca l d e n s i t y of ii C h o l e s t e r o l con ten t 
No. of 5cho l e s t e ro l in 0.wS ml 5 corresponding to 



























Appendix Table - 40. 
Adults (4-days o l d ) 
1 5 
!i Op t i ca l d e n s i t y of J C h o l e s t e r o l con ten t 
No. of Scho le s t e ro l i n 0,5 ml 5 corresponding to 
samples 5 a l i q u o t of haemolymph 5 o p t i c a l d e n s i t y (mg.) 
I 1 
^ ^ ^ ^ 
I Male 5 Female \ Male 5 Female 
1 0.081 0.107 0.1539 0.2033 
2 0.081 0.1C9 0.1539 0.2071 
Mean = 0.078 0.081 - 0.1539 0.2052 
Haemolymph c h o l e s t e r o l mg/lOO ml = 46 .00 61.56 
^ X X J f l l 
Appendix Table - 4 1 . 















Opt ica l d e n s i t y of 
c h o l e s t e r o l i n 0.6 ml 
a l i q u o t of haemolymph 
F 









co r r e s 






r o l con ten t 
;pondtng to 







Appendix Table - 42 . 




5 Opt ica l d e n s i t y of I C h o l e s t e r o l con ten t 
5 c h o l e s t e r o l i n 0.5 ml I cor responding to 
J! a l i q u o t of haemolymph 5 o p t i c a l d e n s i t y (mg.) 
5 5 
r 




















Appendix Table - 43. 
Adults (7-days old) 
1 1 
5 Optical density of 5 Cholesterol content 
5 cholesterol in 0.5 ml 5 corresponding to 
No. of I aliquot of haemolymph jl optical density (mg. ) 
samples I _ i _ I 1 1 ^ f 
1 Male 5 Female 5 Male I Female 
5 I I S 
1 0,067 0.046 0.1083 0 .0874 
0.059 0.046 0.1121 0.0874 
Mean = 0.(558 0.046 0.1102 0 .0874 
Heamolymph c h o l e s t e r o l mg/lOO ml = 33 .06 26.22 
X XX.V'V 




5th instar nymphs (Zero age) 
1 ^ 1 ^—-^^ 
I Op t i ca l d e n s i t y of $ C h o l e s t e r o l con ten t 
No. of 8 c h o l e s t e r o l in 0.05 ml5 corresponding to 












Appendix Table - 45. 
5th instar nymphs (l-day old) 
^ J 
I Optical density of I Cholesterol content 
No. of 5 cholesterol in 0.05 ml I corresponding to 
























5 t h i n s t a r nymphs (2-days o ld ) 
I 
5 Optical density of I 
J cholesterol in 0.05 ml 5 














Appendix Table - 47 . 
5 t h i n s t a r nymphs (3-days o ld ) 
^ ^ 
2 Optical density of I 




















Appendix Tatle - 48. 
5th instar nymphs (4-days old) 
XXXXN/f 
1 ^-" J 
5 Optical density of 3 Cholesterol content-
No. of 5 cholesterol in 0.05 ml 5 corresponding to 















Appendix Table - 49. 
No. of 
samples 
5 t h I n s t a r nymphs (5-days o l d ) 
T T 
5 Optical density of 3 Cholesterol content 
5 cholesterol in 0.05 ml 5 corresponding to 

















Appendix Table - 50. 
5th instar nymphs (6-days old) 
^ ^ J 
I Optical density of 5 Cholesterol content 
Wo. of I cholesterol in 0.05 ml 5 corresponding to 
samples l aliquot of haemolymph I optical density (mg) 
i L 
1 0.094 0.0282 
2 0.096 0.0288 
3 0.096 0.0288 
Mean = 0.095 0.0286 
Haemolymph c h o l e s t e r o l mg/lOO ml = 57 .0 
AXXXV^''< 
Appendix Table - 5 1 . 










Opt ica l d e n s i t y of 
c h o l e s t e r o l in 0.05 ml 
a l i q u o t of haemolymph 
Male 
0.090 
0 .080 . 
0.100 
0.090 













C h o l e s t e r o l con ten t 
corresponding to 














Appendix Table ^ 52 . 















Opt i ca l d e n s i t y of I 
c h o l e s t e r o l i n 0.05 mlj 













mg/lOO ml = 
I 
C h o l e s t e r o l con ten t 
cor responding to 















Appendix Table - 5 3 . 








I Opt ica l d e n s i t y of $ 
ji c h o l e s t e r o l in 0.06 ml 5 





optical density (mg) 




















Appendix Table - 54 . 
No. of 
samples 
Adul ts (3-days o l d ) 
^ ^ ^ ^ 
I Op t i ca l d e n s i t y of 5 
I c h o l e s t e r o l i n 0.05 ml 5 
5 a l i q u o t of haemolymph 5 o p t i c a l d e n s i t y Cmg) 
} 5 
I " """ 
C h o l e s t e r o l con ten t 
corresponding to 
5" 




































I Optical density of 5 
5 cholesterol in 0.05 ml 2 
J aliquot of haemolymph 5 optical density (mg) 
5 I 
^ ^ ^ ^ 




















Appendix Tahle - 56.-
No. of 
saoiples 
Adul t s (5-days o ld ) 
I 1 
} Op t i ca l d e n s i t y of I C h o l e s t e r o l con ten t 
I c h o l e s t e r o l in 0.05 ml I cor responding to 
5 a l i q u o t of haemolymph I o p t i c a l d e n s i t y (mg) 
I Male Female 

























Appendix Table - 57 . 
No. of 
samples 
Adul ts (e-days o l d ) 
!1 2 
I Opt ica l d e n s i t y of 5 C h o l e s t e r o l con ten t 
I c h o l e s t e r o l in 0.05 ml 5 corresponding to 
j a l i q u o t of haemolymph 5 o p t i c a l d e n s i t y (mg) 
5 I 

























Appendix Table - 58. 
No. of 
sample: 
Adul t s (7-days o l d ) 
_^ ^ 
I Opt ica l d e n s i t y of I C h o l e s t e r o l con ten t 
5 c h o l e s t e r o l in 0.05 ml I cor responding to 
5 a l i q u o t of haemolymph I o p t i c a l d e n s i t y (mg) 
5 I r" 
I Male 














00 l  
0.024220 
0.022490 
0.019030 
0.024220 
48 .40 
0.010380 
0.029410 
0.01903 0 
0.013840 
27.60 
